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PREFACE

‘r Backache and back discomfort in aircrew are serious economic and operational problems for many armed services.
Temporary back discomfort may distract aircrew personnel and compromise the success of a mission, while chronic back
pain may effectively remove them from active duty and require expensive treatment. Pilots of both helicopters and fixed-
wing aircraft have often reported that both temporary and chronic pain appear during active flight duty. In the past,
investigators have suggested that both the seated posture of aircrew and the vibration or shock transmitted by the seat during
flight may be responsible for the pain.

The objective of this Specialists’ Meeting was to bring those who had investigated the possible mechanical causes of
backache in both the civilian and military ground-vehicle and aircraft environments together to consider the common
underlying factors in these problems. Many topics were considered. These included:

— The epidemiology of back pain in drivers and pilots, considering both the posture and the vibrational environment as

contributory factors;
— the biomechanics of the spine;
— the methods of evaluating individuals in order to predict their susceptibility to chronic back pain;
— the methods for treating and preventing back pain through education; and
— the potential for reducing the incidence of back pain in the design of current and future aircraft cockpits.

The data and conclusions presented at this Specialists’ Meeting are often of a tentative nature, and emphasize the need
for further research. They also stress the potential to dramatically reduce the incidence of both temporary discomfort and
chronic pain in aircrew through the design of advanced aircraft cockpit systems. The seriousness of the problem, and the
simplicity and effectiveness of some proposed solutions, should recommend these Proceedings to those involved in the

design of military ground vehicles and aircraft, and those responsible for the health and effective use of aircrew in actual
operations.
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TECHNICAL EVALUATION REPORT
by

Jack P. Landolt
Biosciences Division
Defence and Civil Institute of Environmental Medicine
Downsview, Ontario, Canada M3M 389

1. INTRODUCTION

The Aerospace Medical Panel held a Specialist's Meeting on "Backache and BRack
Discomfort” at Accademia Aeronautica in Pozzuoli (Naples), Italy €from October 8 to 10,
1985. Twenty~nine papers were given from efight NATO and two non-NATO countrties.

2. THEME

The theme of the symposium was the recurring operational problem of backache
and back discomfort in military personnel. Modern research techniques have identiffed
many potential cauvses of back paitn and hack discomfort, and new approaches have been
taken to reduce their effects on both military personnel and civilians. Of particutar
importance 1s the high frequency of low-back pain 1in bhoth fixed~wing and helicopter
aircraft, aad in certain land vehicles such as armoured personnel carriers, main battle
tanks, buses, and earth-moving machinery. Operators in some of these vehiclea may bhe
forced to assume constrained postures but all are exposed to vibration during the
performance of their duties, The papers which were selected for this symposium gave an
insight into “"idiopathic™ and drivers' low-back nain; its epidemiology {in the general
and military populations; the bhiomechanics of, and mechanical stresses on, the spine;
and the ways in which this knowledge could be applied to improving the cockpit enviroan-
maent. The knowledge gained from the study of backache and bhack discomfort may be used
by the aerospace community to improve the cockpits of current aircraft, and {n the
design and development of advanced cockpit environments.

3. PURPOSE AND SCOPE

\\\_“QThe purpose of the symposium was to bring military and civilian specialists
working in different disciplines together to consider the prohblems of bhack pain and
back discomfort in vehicular environments; in particular, as they relate to the discom-
fort of aircrew in current and emerging atircraft. The scope was bhroad, 1in that it
covered several aspects of the bhack-pain problem. 1diopathic low-back pain {n the
general population was considered from the point of view of posture and vehicular
vibration as contributory factors, the conditions of the spine which predispose indi-
viduals to backache, the spine and task ergonomics, the methndology for predicting
spinal 1{instability, and “"back-school”™ programmes for the prevention or treatment of
recurrent back pain, The topics discussed under hackache and hack discomfort in the
cockpit environment {ncluded methods of measurement, the effects of whole-hody vibra-
tion and sitting posture on the spine, and the use of passive lumbar supports, improved
seat cushions, and active anti-~vibration seat cushions as preventative measures., The
participants 1included wmilitary and civilian experts 1in epidemiology, orthopaedic
medicine, pathophysiology, biomechanics, mechanical vibration, oprocess modelling,
anthropometry, task ergonomics, and design and operations engineering. resentations
were dravn from industry, defence and other governmental research lahora {es, univer-
sities, military and civilian medical centers and tealth services, and privite research
institutions,

4. SYNPOSIUNM PROGRAM

The papers for the symposium fell into five sessions that provided a continuum
of topics which closely reflect current military and civilian research and practices 1in
the study and prevention of backache and hack discomfort.,

The first session, Back Pain in Vehicles: Epidemiology, set the bhackground for
the symposium., The eaphasis was on epidemiology as a means of {dentifying those factora
which contribute to back disorders. Surveys were conducted by interview, questionnatre,
the study of previous medical records, and objective medical examinationa. Surveys of
drivers' back pain were conducted for fixed- and rotary-wing aircvaft, as well as in a
variety of land vehicles (including wheel- and track-types for off-road, paved, or
gravel conditinns). The first eight pspers made up this session,




The second session, Biomechanics and Biometrics of the Spine, consisted of
five papers. This session dealt with information that ies required in order to produce
mathematical or engineering models of spinal geometry and mechantical behaviour; models
which may be used to evaluate the effects of vihration and posture without exposing
human populations to discowfort or the risk of injury.

The four papers that made up the third session, Response of Spine to Vihra-
tion, described how the spine behaves under loading to whole-body vibration for sitting
or standing positions. Mathematical models, which incorporate the experimental observa-
tions, related dynamic vertebral column loading to fatigue-induced changes in spinal
structures,

The four papers in the fourth session, Back Pain: Diagnosis, Prediction, and
Preveantion, discussed a novel method for diagnosing the severity of spinal segment
defects, and some experiences in evaluating and predicting bhack pain in servicemen.
The session ended with an important paper which discussed the cost effectiveness of
implementing a structured back care education programme for the purpose of preventing
recutrent back pain in military personnel.

The fifth session, Back Discomfort: Cockpit Environment and Remedial Meas-
ures, was comprised of eight papers that were mainly concerned with bhackache and back
discomfort in the helicopter cockpit environment. Factors discussed, included muscle
fatigue, spinal segment microtrauma, and diurnal changes in hody height., A variety of
short-term proposals for relieving back discomfort were addressed,

5. TECHNICAL EVAULATION

5.1 Back Pain in Vehicles: Epidemiology

The author of the first paper (Troup), after surveying the relevant literature,
concluded that the cause of drivers' backache remains unknown. Although there 1is
reliable evidence that driving is a contributory etiologic factor in clinically-treated
patients with back pain, the role of severe vibrations and impact shocks from bad road
conditions in the genesis of back pain 1is still unclear. What 1is required now 18 a
series of experimentally-designed prospective studies to test the leading hypothetical
causes of drivers' backache, rather than continuing with further surveys from retro-
spective clinical studies, Notwithstanding this requirement, substantial cost-henefit
galians can be achieved by reducing occupationally-induced musculoskeletal pain through
proper ergonomic vehicular redesigns.

A knowledge of the effects of whole~body vibration on hack discomfort 1is sorely
lacking. The authors of the second and third papers redressed this somewhat, by provid-
ing insight into the vibration environment of earth-moving machinery and {ts effects on
operator discomfort, The first of theae papers (Zerlett) discussed the various findings
of an extensive epidemiologtical study of back disorders 1in operators of wheel- and
track-type machinery with vibration in the frequency range from 1,5 to 10 Hez, Back
discomfort was much more frequent in groups exposed to vibration for many years (70%)
than in a comparable non-exposed control group (54%). Questionnaire results showed that
lumbar discomfort was the most commonly-reported esymptom (68,.7%). Pathological changes
in the lumbar spine, as indicated by X-rays, were statistically signtificantly more
prevalent and occurred earlier in drivers with 10-years exposure to whole-body vibra-
tion than in the comparable control group. The other paper (Boulanger) addressed the
inadequate vibration isolation of the seat suspension system in many types of earth-
moving vehicles, and made recommendations, based on existing standards,for assessing
the performance of these seats.

The fourth paper (Beevis) compared back pain in three groups of armoured fight-
ing vehicle drivers: (a) M113 Armoured Personnel Carrier (APC) Motor Pool drivers, (b)
MI13 APC drivers attached to an {nfantry regimeat ("RCR drivers"”), and (c) main hattle
tank (Centurion) drivers. The number of driving hours per week was similar for the
Motor Pool and Centurion drivers, but much less for the RCR drivers. The Pool and tank
driving was mainly off-road. Questionnaire results indicated that 89X of Ponol drivers,
46% of RCR drivers, and 55% of Centurion drivers suffered from back prohlems; values
which are considered to bde much higher than those found 1in a “"normal”™ population of
land vehicle drivers. A study of vehicle ride characteristics showed that 2-axis acce-
leration levels at the driver's seat wvere much higher for the off-road condition in the
APC and exceeded 1S0 2631 exposure limits, In the much heavier and slower Centurion
tank, these accelerations were smaller than in the APC, and were not sensitive to
different roasd conditions, The asuthors srgued convincingly that hack ftajury {in Pool
drivers (to the extent of lumbar disc herniation) occurred as a rcresult of poor posture
and s very intense vibration eanviroament; and hack pain {n RCR and Centurion drivers,
primarily from bad posture,

The fifth paper (Froom) descrihed the responses to a questionnaire and medical

survey taken from three groups of Israeli pilots: fighter, transport aircraft, and
helicopter pilots. A significent finding was that, although helicopter pilots reported
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more low-back pain during and immediately after €light (34.5%, compared to 12.97 and
4.8% for fighter and transport pilots, respectively), they were no more prone to
chronic back pain than the other two groups. Of those who reported chronic low-back
pain, the fighter pilots suffered the most severely (25.6%, compared to 6.9% and 5.9%
for transport and helicopter pilots, respectively). As a group, fighter nilots tended
to have narrower posterior tntervertebral disc spaces than did a control group of
transport pilots. These findings support the idea that there are different forms of
low-bhack pain 1in the military population, which can be distinguished by their
time-course and severity; and that the blomechanical causes of low-back pain are
different in different aircrafe.

The paper by Burmeister and Thowa reported on the results of a survey (by
questionnaire) on backache and flying duty in pilots of jet and propeller-driven air-
craft. About one-half of the respondents suffered (mainly) lumbar back pain. Although
the frequency of back pain appears to increase with total flying hours, this relation-
ship disappears when the age of the respondents 1is takem into account. Of the pilots
who experienced back pain, the jet pilots were more likely to describe their pain as
intermittent or "stabhing”, while prop pilots described it as "dragging”. Whether or
not they experienced back pain, pllots 1in both groups felt that hoth the sitting
posture and the coldness of the seats were uncomfortable. Jet pilots blamed G-loading
as a source of back pain, but neither group considered vibration as an important causal
factor. The authors recommended that seat designs avoild excessive rearward pelvic tile,
which contributes to intervertebral disc stress and muscle fatigue. One-half of the
plilots felt that flying impaired their health; this was particularly true for those
suffering backache. This helief, and its effect on morale, can only be counteracted by
the dissemination of reliable information on the subject to pilots.

The sixth paper (Shanahan) discussed the etiologic factors of back discomfort
in U.S. Army helicopter aircrew. Questionnaire results showed that 72.87 of pilots
experienced back discomfort, most frequently in the lower back (70% of cases) and
buttocks (16.6%). In 50.1% of respondents, the low-back pain was of a transient nature,
lasting for 24 hours or less, and was ascribed to the slumped and asymmetrical posture
that helicopter pilots must assume to effectively operate the controls. In a second
group of more experieaced helicopter pilots (14,5% of respondents), persistent pain was
teported that lasted longer than 48 hours and resembled the low-back pain in clinical
cases, (The author of the twenty-fourth paper (Bowden) compared this chronic pain with
that of “idiopathic low-back pain” in its chronic aspects in the civilian population.)
Compelling arguments were given that the persistent pain group may have developed
spinal pathologies that worsen through repeated mission exposure to a poor postural
enviroament. The vibration to which helicopter aircrew are exposed may or may not
aggravate the backache. The author noted that, even though vibration-reducing designs
have been implemented in current helicopters, back pain continues to be a problem. A
disturbing finding 1in this paper concerned two methods afrcrew have used to alleviate
the symptoms of back discomfort: a significant number (28.42) of aircrew have rushed
helicopter missions; while 7.52 have actually refused theirs. Since about one-third of
atrcrew first noted symptoms of hack discomfort within the first two hours, it might be
prudent, for the sake of mission safety and effectiveness, for field commanders to
restrict helicopter sorties to that duration.

The seventh paper (Westgaard) presented evidence for a causal relationship
between continuous, low-intensity muscle loads of long duration and the rigk of devel-
oping musculoskeletal {llness. The suggestion was made that, during active d-uty, the
constrained posture and other factors to which aircraft pilots are exposed could keep
muscles in a constant state of tension, thereby contributing to back discomfort. A
novel hypothesis put forth by these authors was that vihration may activate muscle-
spindle sensory organs, causing facilitory action in spinal motoneurons, which could
lead to increased muscle contractioms.

5.2 Biomechanics and Biometrics of the Spine

The eighth paper (Quandieu) provided a valuable review of what is known ahout
the mechanical properties of the constituent elements of the spine. The author des-
cribed some studies in detail, notably those of the glioup at Centre d'Etudes et de
Recherches de Medecine Aerospaciales, Paris, France, using animals with accelerometers
implanted in individual vertebrae, and a study of the problems in obtafning accurate
motion data from X-ray images. The proposal, that the technique of "signature analysis”
(as used in the examination of engineering structures) be developed as a diagnostic
tool for spinal abnormalities was heing investigated using these animal models. This
paper emphasized the desirability of developing accurate methods for determining posi-
tions from X-ray images, a problem that was also addressed in another paper (Gertzbein)
at this Symposium,

The ninth paper (Sances) described tests to failure of spinal segments, by hoth
dicect compression and bending. Also given were the results of tests of the elastic
characteristices of individual components of the epine, such as ligaments, vertehral
bodies, and the intervertebral discs. The authors described a non-linear, finite-
element model of the spinal unit hased on their data, and its validation using simu~
lated compressive loads.




An sutomatic fitting procedure which best matches the gross anatomical €features
of the human spine, the ideal seating arrangement, and the most-suitable ergonomic seat
design is a desirable goal 1f postural muscle fatigue is to be substantially reduced.
Such an approach was the subject of the tenth paper (Coblentz). A dynamic program
algorithm was given, which, by its inherent nature, determined the best posture in the
ergonomic sense of a simple articulated human model. This model was comprised of two
end reference points with efght contained segments: the head, cervical spnine, thoracic
spine, lumbar spine, sacrum, thigh, lower leg, and foot. The algorithm estimated the
best set of angles for the eight articulations on the basis of information concerning
the two reference points. The eleventh paper (Coblentz) provided biosteriometrical data
of various parameters that have been obtained in order to define the external curvature
of the spine for normal standing, and upright and relaxed seating positions. What is
required now 1is that this model (or other computer—aided models of seating posture) be
tested with the biosteriometrical data for different and novel seat designs, such as
those recommended in the twelfth paper (Mandal).

5.3 Response of Spine to Vibration

The author of Paper No. 13 (Sandover) argued the case for the need for better
epidemiological data -- preferably from controlled prospective studies -- on the
effects of vibration on health, In particular, he argued on the need for a framework
in which fatigue-induced lumbar disc degeneration can be properly related to the level
and duration of vibration exposure experienced.

Two papers scheduled for this session ir the Symposium were not presented.
These were Paper No. 14, which was to address active and passive models of the lumbhar
spine to whole-body vibration, aad Paper No. 15, which was to discuss the role of
facets in wave propagation in the spine.

The response of the spine to vibration is usually measured with accelerometers,
which are placed on the head or on some part of the trunk surface. The authors of the
sixteenth and seventeenth papers reported results in which the transmissibility of
sinugsoidal vibration in the spine was measured with accelerometers attached to percuta-
neously-inserted Kirschner-wires ("K-wires”) that were directly fastened to the spinous
processes of the vertebrae. In the first of these two papers (Hagena), subjects with
normal spines were exposed to sinusoidai Gz-vibrations at an acceleration of 0.2 g over
the frequency range from 3 to 40 Hz. The uniaxial acceleration measurements identified
three in-vivo responses of the human spine; one centered at 4-5 Hz (corresponding to
the natural frequency of the whole body), another between 7 and 10 Hz for the spine,
and one at about 18 Hz for the head. An interesting observation was that the natural
resiliency of the spine absorbs up to 402 of sacrally-induced vibrations at the head.
Furthermore, 1in-vitro tests on surgically-fused L4-L5 segments have shown increased
amplitude vibrations in the neighbouring segments, This implies that personnel with
ankylosing spondylitis or any similar pathology would experience greater than normal
spinal segment stresses in a vibrational environment. This could lead to additional
degenerative changes 1in the spine 1in such cases. In the second of these papers
(Andersson), the results of experiments with healthy seated volunteers, who were
exposed to vertical sinusoidal vibrations at accelerations of 0.1 and 0.3 g, over the
frequency range from 2 to 15 Hz were discussed. Vibration measurements were taken at
Ll, L3 and at the sacrum, by means of transducer packages which simultaneously measured
a~~elerations in three principal directions in the sagittal plane. Results showed that
aut only vertical, but also horizontal and rotary vibrations are 1induced 1in the
vertebrae by vertical sinusoidal {input accelerations., This has {mportant implications
if good ergonomic seating and anti-vibration practices are to be considered 1in any
future cockpit developments, Resonance frequencies of the spine were 4.5 Hz 1in the
vertical direction, and 4.5 Hz (possibly) for the rotary component. If there are
horizontal resonances, then they are outside the range O to 15 Hz.

The elghteenth paper (Pellieux) described the development of a technique of
great potential value in obtaining data relevant to bhiomechanical models. In theory,
if one knows the linear traansfer function which relates the motion of an arbitrary
vertebra in a living animal to the motion of the seat on which the animal 1s placed, i:
should be possible to drive the vibrator to which the seat {s attached (input) in such
a way that the motion of the vertebra follows an arbitrarily-selected pattern (out-
put), This would allow the study of the transfer function, which relates the motion of
this vertebra to the motion of other vertehrae in the spine, to be conducted {n the
intact animal, rather than with excised specimens, The authors have worked towards
this possibility, and have outlined the limitations of the technique imposed hy the
non-linearities and time dependence of biological systems, and the inherent limitations
of mechanical vibrators.

S.4 Back Pain: Diagnosis, Prediction, and Prevention

Paper Ko. 19 which was to discuss pathological changes {in aircrew spinal
columns, was not presented at the Symposiunm,

The twentieth paper (Gertzhein) descrihed an elegant method for determining
lusbar epinal segment instability. The method uses s computer and digitizer to deter-
mine the inetantaneous centre of rotation of 1lumhar spinal segment motion €from




radiographs during full extension and flexion of the spine in a highly accurate, rapid
and reproducible way. The normal {ntervertebral "joint"” has motion comprised of hoth
rotation and traanslation; fi.e., there is no single centre of rotation, Indeed, the
centre of rotation moves through a locus called a centrode, which is measured hy divid-
ing the entire range of motion into finite component arcs whose individual centres of
rotation are measured. Centrodes in normal lumbar segments differ hoth qualitatively
and quantitatively from those in discs with degenerative diseases. Ia a sample of
cadaveric spines, 94X of abnormal L4-L5 segements were detected with the new technique
compared to only 25% with the standard flexion/extension radiographic techninue for
measuring excessive spinal segment motion. The method is currently being evaluated on
normal volunteers., It promises to be useful in the early diagnosis of spinal segement
instability (even before there are obvious radiographic changes) without bhaving to
resort to the stressful effects of discography.

The problem of choosing the best method for screening military recrufits in
order to reduce the incidence (and cost) of back pain and related disabilities 1in the
armed services was addressed in two papers from Sweden, Nos. 2] and 22, The first of
these (Nordgren) described the evaluation of a group of older men (mean age 37 vears)
who reported for refresher training; while the second (Hellsing) reported an evaluation
of young men (mean age 18 years) during their first enlistment. In the Nordgren paper,
it was found that those who had experienced back pain during service had significantly
lower isowmetric strength in the abdominal and lower back muscles than others in the
test group. The two papers gave apparently contradictory results: among young men, a
history of back pain has more value than physical tests in predicting back problems
during service; whereas, in older men, the physical test is the better predictor. This
is probably because older persons will almost always have some back pain 1ian their
history, but, in younger persons, back pain 18 an unusual problen.

The twenty-third paper (Warrington-Kearsley) addressed the subtantial effec-
tiveness that a structured back care programme can have in preventing low back pain
from worsening or recurring. Interestingly, patients with long-standing low hack pain
displayed a characteristic weakness in their postural muscles during exercise train-
ing. This supports the view that most back pain arises from mechanical stress, either
from muscular weakness or bad posture., Many of the author's data sample of trade-
related back 1injuries were from wmilitary occupational categories that took awkward
materials-handling positions (e.g., cooks), or else occupied inappropriate working
postures (e.g., tank crewmen). Without preventative education, the majority of first-
time sufferers can be expected to experience progressively debilitating, recurring
episodes of back pain. However, experfence with the Back Care Education Programme
(BCEP) has now shown that over 70% of first-time patients required no further treatment
following a structured program of education thet was accompanied with a suitable
regimen of prophylaxis. The current one-day (7 hour) BCEP emphasizes basic spinal
anatomy and physiology, the bilomechanics of spinal function, the psychological
conditioning to chronic pain, and lifestyle changes and techniques which alleviate
symptoms and reduce recurrent episodes of low back pain. The BCEP 1is well justified
through cost effectiveness.,

5.5 Back Discomfort: Cockpit Environment and Remedial Measures

The twenty-fourth paper (Bowden) noted that the postural muscle fatigue which
results from maintaining an awkward working posture in flying the helicopter can bhe
measured and quantified by electromyographic (EMG) methods., By appropriately relating
suscle activity and fatigue, it may be possible to design cockpit environments with
more suitable ergonomic conditions for relieving backache and back discomfort (e.g.,
through the use of side arm controllers, or vibration-attenuating seats, etc.).

In the twenty-fifth paper (Pope), erector spinae muscle EMG activity from the
L3-segment level and subjective discomfort responses were used to assess hack discom-
fort and muscle fatigue to both static posture and vibration exposure in a UH-1H heli-
copter cockpit mock-up. The study, which was based on a two-hour "flight™, concluded
that low-back and buttock discomfort appear to result from the UH-1H helicopter seating
rather than the actual vibration, A surprise finding was that subjects reported less
discomfort during UH-1H simulated vibration than during exposure for two hours to the
static UH-1H seating environment.

The twenty-sixth paper (Poirfer) identified posture and vibration as the causes
of backache. The investigation into posture was carried out by the radiography of sub-
jects sitting in mock-ups of selected helicopter cockpit seats. Several angles between
body segments and spinal segments were measured., The results were presented as qualita-
tive descriptions of the posture in the seats of three helicopters, the Alouette III,
the Gazelle, and the Puma. The studies of vibration consisted of evaluations of the
attenuation of vibration by various seat cushion foam materials. The authors noted that
vibration in the vertical direction leads to a response in the horizontal directiom in
the upper body and head. This 1is consistent with the in-vivo observations of Gz vibra-
tions in intervertebrsl segments related in the seventeenth paper (Andersson). While
acknowledging that the effects of vibration on the spine are not yet well understood,
the authors also noted the requirement for muscular contractions to resiat the effects
of vibretion, and the consequent possibility of fatigue. The suggestion was made that




any failure of the muscular damping of vibration cculd lead to clinical problems, since
excessive loads would then be borne by the disce and ligaments. The paper noted the
desirability of vibration reduction and improvements in the seat which would permit
better posture. However, the hypothesis that helicopter vibration has a direct patho-
genic effect on the spine was not given any supporting evidence.

The description of vibrational motion in three dimensions is often difficult to
grasp conceptually. The twenty-seventh paper (Petternella) descrihed an elegant method
for representing the time-course of actual measured vibratioans from a helicopter seat
as a map derived from a two-dimensional Flamsteed projection of the unit sphere. The
map shows clearly the presence of the principal rotational and translational vibration
components. In order to allow the comparison of different vibrational eavironments,
the coordinate axes csn be chosen so that all of the translational motion is in the
Z-axis, and the rotational motion is in the Y-Z plane. Frequency analysis of these
separate components, rather than of the individual X, Y and Z components, yielded
insight into the pattern of seat vibration, {its causes and possible effects,

The tweunty-eighth paper (Troup) proposed the use of precise (to 1 mm) measure-
ments of body height (stature) as a means of estimating the cumulative effect of loads
on the spine arising from occupational or postural stresses, The author cited reports
in which the effects of running, lifting and pushing were studied. A notable finding
was that differences in the loss of height correlated with the perceived exertion and
discomfort. This suggests that the method could be used to measure the stresses which
cause perceived back pain in various occupations. The method thus has potential for
studies of the effects of various postures and vibration on drivers and pilots, but the
author observed that 1its use as a tool 1in occupational medicine requires further
study.

Papers Nos. 29 and 30 gave the results of incorporating seat re-designs, lumbar
supports, improved seat cushions, and higher harness take-off points in cockpits as a
means of relieving backache and back discomfort in flight. The author of the first of
these papers (Reader) asserted that aircrew backache 1is caused solely by the sitting
posture and the design of the sgeat. In support of this assertion, he provided statis-
tics which showed that almost all fixed-wing and helicopter aircrew were either
symptom-free or reported "considerably less” backache when using a lumbar support that
restores normal lumbar lordosis during flight. Although these supports must be moulded
to the contours of each wearer's back, they are simple in design, cheap, and easy to
use. The author also noted that backache 1is consideraby reduced in new ejection seats
and helicopter crew seats which incorporate lumbar support curves in their design. The
second of the these papers (Braithwaite) discussed the improved comfort that Gazelle
helicopter aircrew experienced because of seat modifications, new more-compliant seat
cushions, lumbar supports, and harness assembly alterations, All of these modifications
were directed towards removing those back stressors that resulted from poor seating
posture.

The thirty-first paper (van Vliet) started from the premise that, given that
poor posture and excessive vibration induce fatigue and discomfort in helicopter air-
crew, can remedial measures be taken to alleviate these conditions? In order to reduce
the vibrations that typically affect helicopter pilots, the authors suggested the use
of active anti-vibrational seat-pan and seat-back cushions which adjust automatically
to compensate for vehicle vibration, thereby keeping the pilot in a neutral posittion.
(Each cushion 1is comprised of a matrix of four inflatable/deflatahle air cells which
are individually activated by air bellows that are responsive to feedback signals from
aircraft motion-gensor inputs,) In initial tests, the prototype system has shown good
isolation characteristics for the frequency range from 3 to 8 Hz. The. system can be
retrofitted in a variety of land and air vehicles. These authors also endorsed the use
of side-arm diaplacement controllers, which are incorporated in a full-authority, fly-
by-wire control system, to reduce the slumped asnd asymmetrical loading cthat pilots
experience in current helicopter operations, More concrete results of these develop-
aents are novw required.

6. CONCLUSIONS

6.1 Low-back pain, which is one of the most common ailments in modern society, is now
being studied in particular detail, Papers were presented, from hoth the military and
the construction industry, that addressed drivers' back pain from the points of view of
the vibration exposure, the seating environment, snd the medical consequences.

6.2 Helicopter pilots and fighter aircraft pilots both suffer low~back pain, hut with
different time-~courses and with different severities. Are they the result of different
biomechanical etresses? Perhaps; it could be that the severe accelerations of nap-of-
the-earth flight or air combat maneuvers {n fighter pilots produce the same effect as
the violent lurching of off-road vehicles.

6.3 Because the halicopter pilot must assume a constrained posture while flying his

vehicle, he is exposed to a milder, but constant, stress. Thus, his hack pains are more
common, but not as severe. Most can be relieved simply by rest., The more serious
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problem 1is that the pain has f(nduced some helicopter aircrew either to hurry thetir
missions, or to refuse them, Therefore, it might be prudent, for the sake of mission
safety and effectiveness, for field commanders to 1limit the 1length of helicopter
missions,

6.4 The effective implementation of good seating procedures can be enhanced through
efficient computer—-aided methods which best match the gross anatomfical features of the
human spine, the 1deal seating arrangement, and the most suitable ergonomic seat
design. These methods should then be tested with biostereometrical and hiomechanical
data against different seat designs and cockpit environments, At the same time, a
suitable measure of back stress, such as the change in stature, should be implemented
as an index of pending back discomfort during workload, with and without vibration, in
these different seating environments.

6.5 Attempts should be made to combine standardized data gathering mechods with
controlled prospective epidemiological investigations, in order to assess chronic low-
back pain in vehicular drivers. Factors such as workload, the vihbrational environment,
seating posture, change in stature, etc.,, should be considered in the methodology.

6.6 Methods in which the accelerometers measuring the response of the spine to vihra-
tion are attached directly to the lumbar vertebrae (instead of to the head or trunk of
the subject) promise to provide useful data on the transmission characteristics of the
spine. The {important finding that vertical vibration applied to the hody produces
vibrational motion in the lumbar spine that has unot only vertical, but also horizontal
and rotary components, has important {implications, if good ergonomic seating and anti-
vibration systems practices are to be considered in any future cockpit development.

6.7 Any method that reduces radiation exposure and the harmful effects of discography
in the early diagnosis of spinal segment degeneration must be given serions considera-
tion. Accordingly, the computer-aided method being developed by the team from Sunny-
brook Medical Centre, Canada, for detecting 1instabilities 1in lumbar spinal segments
deserves particular attention.

6.8 Methods for evaluating and predicting back pain in servicemen look promising but
require further study.

6.9 The fact that over 70% of first-time patients require no further treatment when a
structured program of back care education is followed with an accompanied regimen of
prophylaxis, suggests that such a program is well justi{fied in tecrms of cost effective-
ness.

6.10 The method of measuring changes in stature should be investigated further €or its
potential as an index of accumulated back stress in the design of cockpit environments.

6.11 Flamsteed projections are well suited for representing the course of time-varying
phenomena such as helicopter seat vibrations in two-dimensional space. The method
should be further explored.

6.12 Modifications 1in seat configurations, improved seat cushions, individually-
moulded lumbar supports, and higher restraint-harness take-off points are some of the
retrofit concepts which should be implemented in current helicopter aircraft to improve
pilot comfort.

6.13 The use of active anti-vibration seat-pan and seat-back cushions for attenuating
the dominant vibration amplitudes is a practical approach for those vehicles that
operate in environments of excessive vibration.

6.14 Perhaps the {deal system for reducing the bhackache/back-~discomfort problem in
helicopter cockpit environments 1is one that includes side~arm displacement controllecrs.
These are incorporated in a full-authority fly-by-wire control system which avoids the
necessity for the slouched and stressful posture required in current helico ‘v cock-
pits.

7. RECOMNERDATIONS

7.1 The practice of including a good representation from hoth military and civilian
experts to address and discuss common problems such as back pain in operational eavi-
ronments should continue at other AGARD AMP Symposiums.

7.2 The AGARD AMP should closely follow, and, where possible, influence the direction
of new technological developments which emphasize sound ergonomic practices in advanced
cockpit designa that will make aircraft less stressful to fly.

7.3 Although low-back ache is more closely assoc'ated with helicopter flight regimes
than those with fixed-wing aircraft, cervical spine problems also appear to he within




the domain of the fighter pilot. With the introduction of new high performance aircraft
into NATO Forces, such as the F-16, F-18, Mirage 2000, and Tornado, with their uncon-
ventional flight regimes, neck injuries are expected to increase dramatically. Thus,
there 18 a need for a future AGARD Specfalists' Symposium that will address the topic
of neck conditioning and neck-injury protection in advanced cockpit environuments.
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Summary

Back pain is one of the most prevalent of modern symptoms and backache
which comes on after sitting is a typical complaint, particularly amongst
drivers. But drivers' backache is not confined to those who seek
treatment: it is common throughout the population whether patients or non-
patients. Yet both the aetiology and the pathomechanism remain unknown.
Symptoms are related to the time spent at the wheel thus it may be inferred
that they arise from the concomitant postural restraints. But static
stresses in the spine arise both from the seated posture itself and from
the muscular work of driving; while dynamic stresses, including vibration,
arise from the motion of the vehicle. The epidemiological studies so far
have not differentiated between the potential causative factors and few, if
any, have taken account of other physical activities undertaken by drivers.

Introduction

Because drivers' back pain does not generally persist for long after alighting, it
has not been studied clinically. Nevertheless it can be postulated that, in its commoner
forms, it is a primary back pain arising directly from the tissues of the spine: skin,
muscle, fascia, ligaments, periosteum, the capsules of the apophyseal joints, the
adventitia of blood vessels or the spinal meninges. None of these sites can be excluded.
The sites which are unlikely sources of pain, however, are those which are not normally
innervated: the discs, epiphyseal plates and the cartilaginous facets of the apophyseal
Jjoints.

It is conceivable that a mechanical irritation of the more superficial of spinal
tissues can arise from the variation in the contact between the driver's back and the
backrest of the seat: analogous to the discomfort in the buttocks and under the thighs
due to prolonged tissue compression, aggravated by the motion of the vehicle; though
without the associated risks of ischaemia. The frame of the seat moves with the vehicle
and the driver's movements follow. The time lag between the two patterns of motion
results in interactive forces that vary with the softness of the upholstery; but also
with the physical characteristics of the seat springs, which may lead either to
amplification or attenuation of the mechanical input.

The compressive load on the spine is a function of the static and dynamic components.
The force of gravity on the upper part of the body is transmitted wholly by the lumbar
vertebrae and discs if the back is unsupported. Part of the vertical load is transmitted
by the backrest, depending on its inclination to the vertical and on the area of contact
with the body, but also on the contour of the backrest and the level of the spine at
which 1oad transmission occurs. Andersson et al. (1975) found that support in the back
rest at the level of L3 was the most effective. The static load on the spine stems also
from muscular activity and this can vary considerably, according to the type of vehicle
being driven and to the postural behaviour of the driver. The controls demand muscular
effort at hands and feet which in turn requires reactive postural activity from the
muscles of the trunk, so increasing the static load. The driver's posture itself depends
primarily on the visual constraints but also on the layout of the controls. 1f weather
conditions are poor and the driver fatigued, the driving position is 1iable to change
and the static muscle load to increase, particularly when tl.e driver ceases to lean back
on the backrest. Postural back muscle tension, while adding to the static spinal load,
may itself cause symptoms.

The dynamic component of lumbosacral compression depends on the ride characteristics
of the vehicle, its changes in speed and direction and on the surface being traversed
(Troup 1978; Sandover 1981), The problems arise when the driver's body is oscillated at
its natural frequency of 4 to 8 Hz, and this is highly probable in some trucks operated
on rough ground; or, when going over stones, ruts and potholes, the body is subjected to
vertical or verticolateral impacts. The two problems tend to coincide in practice. The
latter may be potentfally traumatic but it is theoretically possible for fatigue failure
to occur as a result of the combined effects of the vibration and repeated impacts or
shocks, But this would probably be 1imited to those already in pain. Trauma would be
most 1ikely in the weight bearing tissues which are normally not innervated and thus
1ikely to be the sites of the immediate pain that drivers commonly experience.

If the combination of static and dynamic compressive loading is gro!onged then creep-
effects may supervene, Creep-effects occur whenever the compressive load on the disc
exceeds the interstitial osmotic pressure, whereupon fluid is expelled; and these effects
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are accelerated when vibratory input is added to the static compressive load (Kazarian
1972, 1975). The disc becomes narrowed and stiffened and th2 dynamic response
characteristics of the intervertebral joint complex undergo marked changes, one of the
consequences being a lowered threshold of resistance to failure. Nothing, however,
appears to be known of any direct relation between the results of such creep-effects and
symptoms.

An additional factor which the epidemiologist must bear in mind is the activity of
the driver before and after being in the driving seat., Many professional drivers have
relatively heavy manual handling tasks to perform which may in turn influence the symptoms
associated with driving. ’

The hypothetical causes of drivers' backache are limited to a mechanical irritation
arising from the interaction between the driver's back and the backrest; to postural
stress leading to static, hypertensive muscle pain; to the cumulative effects of the
vibratory inputs plus the impact shocks; or to aggravation of existing symptoms. Thus
the temporal pattern of the driver's symptoms, the previous history of lumbar spinal
disorders, the design and layout of the driving position, the driver's postural behaviour,
the ride characteristics of the vehicle and the nature of the surfaces it traverses are
all relevant to the epidemiologist.

Epidemiological Studies

Driving has been Jisted in a number of studies as one of the many aggravating factors
listed by patients with back pain (Kelsey 1975a,b; Buckle et al. 1980; Frymoyer et al.
1983; Damkot et al. 1984). Driving itself, though, was not their main focus of interest.
Kelsey & Hardy (1975) undertook a clinical epidemiological study and identified three
groups of patients as confirmed, probable or possible cases of herniated disc prolapse
and compared them with two groups of patients to serve as contraols., They found that the
men who spent more than half their working hours at the wheel were three times as likely
to have a prolapsed intervertebral disc. Buckle et al. (1980) studied the occupational
factors involved in 68 male back pain patients requiring hospital treatment, and found
that the 70% of them who were drivers averaged 16,754 miles compared with the national
average of 9,000. Thus there is reliable evidence that in patients with established back
pain for which they sought hospital treatment, driving was a contributory aetiological
faitor. But in neither study was there any differentiation between the types of vehicle
driven.

Milby & Spear (1974) reported on the back pain and other symptoms veported by heavy
equipment operators exposed to substantial vibratory stress and impact-shock but
considered that the adverse effects of vibration, which they had predicted, were
concealed by the fact that many of those who were so affected had moved to other jobs.
Gruber (1976) studied "vertebrogenic pain syndromes" in 4,353 male drivers and 736
controls a?ed 35 to 54 years. The drivers included 1,099 truck drivers engaged in local
delivery, 1,266 long distance truck drivers and 1,988 bus drivers. The control subjects
were afr traffic controllers: a sedentary job but with a different level of decision-
making. The incidence of "vertebrogenic pain syndromes" in the controls was not
significantly less than in the long distance truck drivers but both groups of truck
drivers reported more symptoms than the bus drivers. But this was a retrospective
clinical study in which unconfirmed diagnoses had been classified, allegedly according
to the ICDA codes but with degenerative deformations of the spine (713.1) classed with
"bone deformities" (735-738). Thus no clear deductions could be drawn about the
aetiological role of either driving itself or the effects of vehicle vibration.

More recently in Finland, a cross-sectional health survey was made of 633 male
drivers during the winter of 1979/1980 (Backman 1983). 165 were local bus-drivers, 122
long distance bus-drivers, 154 stock delivery drivers, 159 truck drivers and 33 were
tank-truck drivers. The incidence of complaints of pain in the shoulders, neck and back
increased with age. 40% of all drivers "often had back trouble®, though it was commonest
in the bus drivers. Reporting on the same population, Backman et al. %1982) noted that
in the year prior to the study 64% of all drivers had experienced some back trouble,
prevalences of back and sciatic pain again being higher in bus drivers, but absence from
work due to back pafn was commoner in the stock delivery drivers.

Job-turnover in professional drivers was studied in 1979 in a cohort of 1,453 males
who had joined their trade union from 1967 to 1969 and who lived in six urban
municipalities in Finland (Backman & Jdrvinen 1983), 1,156 (80%) responded and 69% of
the responders were still employed as drivers while 24% had changed to another job and
7% had retired. "Salary" and "heaviness of work" were the commonest reasons for changing
Jobs. The commonest change was to driving buses, particularly amongst the younger
drivers while the older ones tended to change to truck driving, especially sand and gravel
transport. Of the 66 drivers who retired because of illness or accidents, in 18 cases
the reason given was back pain.

Discussion

The epidemiological evidence of any causal relation between driving and back pain
remains slender. The strongest evidence concerns patients with back pain of a severity
to warrant treatment at a hospital: a small proportion of the total populatfon.
Nonetheless, the fact that such patients were found to drive, on average, significantly
more than other people indjcates that driving may have contriduted to their back pain.
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But without prospective epidemiological studies some doubts must remain. There appears
to be no evidence whatevar of driving as a primary cause of back pain, except as a result
of road traffic accidents. Backman {1983) did, in fact, report that 33% of drivers in
the cross-sectional heaith survey had been involved in accidents but had given no
information about the injuries sustained.

The two surveys of drivers in the USA throw little 1ight on the subject; though
Milby & Spear (1974) did recognize the need in future studies to take account of the
drivers who had left their jobs and of the reasons, for so doing. The Finnish survey of
the reasons for having to change jobs (Backman & Jarvinen 1983) did not identify sand
and gravel transport as a particular risk for back pain although it might be thought
that, at least within the territory of the sand and gravel quarries or the delivery-sites,
ride-characteristics would be bad. On the contrary, the middle aged drivers who changed
Jjobs often chose this work because, the authors suggested, the operation was generally
automatic and entailed 1ittle pnysical exertion. It may well be that the number of
drivers who change jobs because of back pain reflects the occurrence of back morbidity
in the population rather than a causal link. Moreover, those with back trouble would be
likely to find that the manual work associated with driving was the problem rather than
the driving itself.

The contributory role of vibration and the shock of impact from bad road surfaces
remains unclear. None of the epidemiological studies seen so far have incorporated the
relevant data on occupational exposure. It remains theoretically possible that subjection
to severe vibration and road shock may have a cumulative effect in increasing the
susceptibility to injury but hard evidence is still wanted.

Conclusion

For lack of better evidence, back pain when driving can be classified in two ways.
In patients who have sought treatment for their pain and in whom the cause has been
diagnosed as, for example, herniated lumbar disc; driving is likely to exacerbate the
symptoms and may, conceivably, have contributed to the severity of the condition. 1In the
second group of otherwise healthy people who experience back pain while driving and in
whom symptoms are relieved soon after alighting from the vehicle, the most likely cause
of pain is postural hypertension of the back muscles, though this remains to be
investigated,

Prevention of symptoms in the second group can be approached ergonomically and the
ergonomic solutions would make driving more acceptable to the first group. Although
defensible epidemiological evidence for the adverse effects of severe vibration and road-
shock is still awaited, already a number of ergon.mic solutions to the problem have been
proposed and, judging by the reduced levels of discomfort which have been achieved, this
is a reasonable approach. In theory, prevention of injuries and accidents should be cost-
effective and there are substantial cost benefits to be gained from elimination of
occupationally induced musculoskeletal pain by ergonomic redesign. If a vehicle is badly
designed and a source of driver-pain, medical costs may arise from treating the driver
but additionally, the cost may be measurable in terms of job-turnover and the expense of
training the replacements. Possibly, given a large enough driver-population, the quality
of vehicle design may be reflected in the incidence of accidents and near-accidents or
in other measures of driving skill.

References

1. ANDERSSON, G.B.J., ORTENGREN, R., NACHEMSON, A.L., ELFSTROM, G. & BROMAN, H. (1975)
zhe ?}gtingogo?ggre: an electromyographic and discometric study. ORTHOP.CLIN.N.AMER.,
9 » - .

2. ;ggu;i4J.D.G. (1978) Driver's back pain and its prevention. APPL.ERGONOMICS, 9,

3. SANDOVER, J. (1981) Vibration, posture and low-back disorders of professional
drivers. University of Technology, Loughborough, UK: Department of Human Sciences
Report No. DHS 402.

4, KAZARIAN, L.E. 1972) Dynamic response characteristics of the human vertebral
column, ACTA ORTHOP.SCAND., Suppl. 146.

5. KAZARIAN, L.E. é1975) Creep characteristics of the human spinal column.
ORTHOP.CLIN.N.AMER., 6, (1), 3-18.

6. KELSEY, J.L. (1975) An epidemiological study of acute herniated lumbar
intervertebral discs. RHEUMATOL.REHABIL., 14, 144-155,

7. KELSEY, J.L. (1975) An epidemiological study of the relation between occupations
and acute hernfated lumbar intervertebral discs. INT.J.EPIDEMIOL., 4, 197-204.

8. BUCKLE, P.N., KEMBER, P.A., WOOD, A.D. & WOOD, S.N. (1980; Factors influencing
occupational back pain in Bedfordshire. SPINE, 5, 254-258.

9. FRYMOYER, J.W., POPE, M.H., CLEMENTS, J.H., WILDER, D.G., MacPHERSON, B. &
ASHIKAGA, T. (1983) Risk factors in low back pain: an epidemiological study.
J.BONE & JOINT SURG., 65-A, 213-218,




-

‘F1P‘r

10. DAMKOT, D.K., POPE, M.H., LORD, J. & FRYMOYER, J.W. (1984) The relationship
bgtwgen work history, work environment and low-back pain in men. SPINE, 39,
395-399.

11. KELSEY, J.L. & HARDY, R.J. (1975) Driving of motor vehicles as a risk factor for
acute herniated lumbar intervertebral disc. AMER.J.EPIDEMIOL., 102, 63-73.

12. MILBY, T.H. & SPEAR, R.C. (1974) Relationships between whole-body vibration and
morbidity patterns among heavy equipment operators. US Dept. Health Education &
Welfare (NIOSH) Publication No., 74-131,

13. GRUBER, G.J. (1976) Relationships between whole-body vibration and morbidity
patterns among interstate drivers. US Dept. Health Education & Welfare (NIOSH)
Publication No. 77-167.

14. BACKMAN, A.-L. (1983) Health survey of professional drivers. SCAND J. WORK
ENVIRON. HEALTH, 9, 30-35.

15. BACKMAN, A.-L., JRRV;NEN, E., LINDBERG, S., VIDEMAN, T. & LEPISTH, M. (1982)
Autonkuljettajien tyoolot ja terveys. Institute of Occupational Health, Helsinki:
Tyoolosuhteet, 38, 1--27,

16. BACKMAN, A.-L. & JRRVINEN, E. (1983) Turnover of professional drivers. SCAND
J. WORK ENVIRON. HEALTH, 9, 36-41.

DISCUSSION

LANDOLT, C2: How important is vibration in the genesis of backache?

TROUP, UK: The answer is that I don’'t know, and I am really very unhappy about the epidemjio—
logical evidence, mainly because it is not controlled (most of it) for the other tasks which drivers
do. Vibration on roads, on the whole, is not serious; but vibration off the road -- on farms, in
forests, and on construction sites -- certainly does expose the driver to possible minor trauma and ac-
cumulative effects, such as creep effects in the spine, and the stiffening and the greater suscepti-
bility to injury which these inputs generate. My general feeling, speaking as a clinician as well as a
biomechanic, is that it is off-the-road driving, on serfously uneven ground, on which the body is
jolted sideways, backwards and forwards, that is the real problem.
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Relationships between whole-body vibration and disorders
of the backbone diagnosed on operators of earth-moving machinery

Dr. med. Georg Zerlett, Arzt flir Arbeitsmedizin und Innere Medizin, Hauptabteilung Ar-
beitsmedizin, Rheinische Braunkohlenwerke AG, Wickratherhofweg 27, D-5000 K38ln 40

Summary:

The study based on interviewing 352 operators of earth-moving machinery who had been ex-
posed to whole-body vibration for at least 3 years. A further examination dealt with the
evaluation of available X-rays showing different parts of the spines of 251 machinery
operators who had been exposed to vibration for at least 10 years.

The discomfort most often mentioned was impairment of health and well-beeing during and
after the working shift (mentioned by 75 % and 59 % respectively). Apart from that, the
percentage of subjects complaining about spinal discomforts was much higher for the ex-
posed group than for the non-exposed group (70 % and 54 % respectively).

The epidemiologic study resulted in an objective confirmation of the spinal discomforts
indicated, 2/3 of which had been related by the operators to the lumbar spine. Of all
disorders diagnosed for the operators, the lumbar syndrome accounted for the greatest
share by far 81 §%.

In three cases, diagnosis for the operators was "avulsion fracture of the spinous pro-
cessus of a vertebral body in the cervical column".

The frequency distribution resulting from the radiographic examination of 251 earth-
moving machinery operators with at least a 10 years' exposure to whole-body vibration
showed that morphological changes in the lumbar spine occur earlier and much more fre-
quently than in the case of non-exposed persons.

Introduction:

Driving and operating earth-. .vers gives to regular mechanical vibration which is re-
ceived by the operator as whole-body vibration. For the different types of machinery
(wheel~type, track-type), the mean frequency ranges from 1.5 to 10 Hz. The vertical
mechanical vibration reaches the exposed person's body by way of the buttocks.

Since there is a lack of reliable knowledge in the field of occupational medicine, par-
ticularly with regard to lasting disorders of health suffered by peple exposed to
whole~body vibration during work, we carried out a large-scale epidemiologic study in
order to try to identify vibration-induces disorders of health.

The study based on interviewing 352 operators of earth-moving machinery who had been ex-
posed to whole-body vibration for at least 3 years. Additional information was obtained
from objective medical evidence relating to the persons exposed. A further examination
dealt with the evaluation of available X-rays showing different parts of the spines of
251 machinery operators who had been exposed to vibration for at least 10 years.

In a further study, 149 operators of earth-moving machines were questioned about their
subjective well-being immediately after the working shift. [1,2]

Results:

Subjective well-being

The results of the enquries among the 352 operators of earth-moving machines and the
control group (Figure 1) indicate that a comparatively high proportion of those exposed
to vibration reported a disturbance in their health or well-being during and after the
shift and also spine-related discomfort.

’ a « 352 Operators of earth-meving machinecy

a 0o 315 Lontrel- grovp

» Values in %

Figure 1:
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The localisation of the discomfort to individual segments of the spine by the machine
operators questioned is illustrated in Figure 2. This graphic presentation shows clearly
that the lumbar spine has a far higher "sensitivity” to whole~body vibration stresses
than other segments of the spine when the mechanical vibrations are transmitted to the
body via the buttocks. In the control group, the proportion of persons reporting dis-
comfort in the area of the cervical and thoracic spinal column was actually higher than
in the group exposed to vibration.

68,7

@ 0 = 352 Operators of earth-movmg machinery

Figure 2:
Comparison of discomforts in the D n= 315 Control - gr
area of individual segments of the ) omrol-grov

spinal column between operators of
earth moving machines and the
control group Vatues in %

Cervical Thoracic Lumbar
Vertebral Vertebral Vertebral
Column Column Columa

The aim of questioning the 149 operators of earth moving machines immediately after an
eight hour shift was primarily to discover any discomforts which could be casually re-
lated to exposure to whole-body vibration. The attempt to assign discomfort to specific
types of earth-moving machine proved to be infeasible as the operators of the earth-
moving machines in this team operated various types of earth-moving machine alternately
during their shift. As Figure 3 shows, "back pains" (45 %) was the discomfort most fre-
quently reported.

ns 1%
Values in %

Figure 3:

Questioning of operators of earth-
moving machines about discomfort
immediately after exposure to
whole-body vibrations for eight
hours

A differentiation of the operators of earth-moving machines into those primarily opera-
ting wheel-mounted machines and those operating crawler-mounted machines revealed no
appreciable difference in the frequency of back pains reported. The only noticeable
difference was that in the group of crawler-mounted machine operators, paresthesia of
the limbs occurred considerably more fiequently (wheel-mounted machine operators 18 %,
crawler-mounted machine operators 28 %).

Clinical results and X-ray findings

The comparative presentation in Figure 4 takes into consideration only such pains and
di:comiorts for which a causal relationship with the whole-body vibration .ocad was con-
ceivable,

Lumbar syndrome, with 81 %, was the primary cause of health impairment among the opera-
tors of earth-moving machines. Among the workers of the control collective not exposed
to vibration, on the other hand, this diagnosis was found in only 53 % of cases.

The diagnosis "lumbar syndrome” covers all the symptoms which are caused directly or
indirectly by degenerative lesions of the lumbar disks.
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Spondylosis / Osteochondrosis
process of the lower cervical spine

of the thoracic spine
Avulsion fracture of a spinous

Loss of the normal lordosis
Scotiosis of the thoracic spine

of the cervical spine

Loss of the normai lordosis
Scoliosis of the lumbar spine

of the lumbar spine
Ankylosing spondylitis

Lumbar Syndrome
Cervical Syndrome
SCHEUERMANN s disease

Swayback

Figure 4:

o«
=

@ n = 352 Operators of earth-moving machinery
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Values in %

These include, in particular, spondylosis of the lumbar column (disk degeneration with
reactive spurring at the edges of the spine), spondylarthrosis of the lumbar spine
{degenerative changes in the spinal column, generally due to disk degeneration) and the
spondylochondrosis of the lumbar spine (disk degeneration involving the adjoining upper
and lower plates of the vertebral body), insofar as these lesions had led to radiologic-
ally demonstrable morphological changes in the spinal column, and were associated with
disk-related complaints (pains or functional disturbances of the lumbar spine). Clinical
symptoms such as ischialgia (lumbar syndrome involving the sciatic nerve) and lumbago
(acute form of lumbar syndrome) were also included. Spondylolisthesis was also included
under lumbar syndrome.

The occupational 1load on the operators of the earth-moving machines caused by mechani-
cal vibrations appears to cause a considerably smaller strain on the cervical column,
since the number of cases of cervical syndrome in the group of earth-moving machine
operators and the control group was equally high. Three persons in the group of earth-
moving machine operators received the remarkable diagnosis "avulsion fracture of the
spinous process of a vertebra in the cervical column®” (see Figure 5). This diagnosis of
damage to the cervical column was confirmed by X-ray.




2-4

Figure 5:

Avulsion fracture of the spinous
process of the 7th thoracic vertebra
in an earth-moving machine operator
as a result of whole-body vibration
loads

A similar statement can be made for the results of examinations in the area of the
thoracic column.

Figure 6 shows the radiologically proven morphological changes in the lumbar spine as a
function of age.

%
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The differences between the frequency of pathological results for the operators of
earth-moving machines and for the control group are statistically significant at the
0,1 % level.

These results were compared with the morphological results for the spine among the
average population according to Junghanns {(1931).[3]

The values for our control group evidently coincide very well eith the values for the
average population in Junghanns. In contrast, the radiologically proven changes to
the lumbar spine of the earth-moving machine operators examined by us occurred prema-
turely and more frequently.
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DISCUSSION

LANDOLT, CA: 1In what way is your control group comparable to the vibration-exposed group? For

instance, did your control group take similar seating postures to your machine operators?

ZERLETT, GE: For the control group of non-exposed people, it was guaranteed that there was no

exposure to whole~body vibration. The average age of the exposed people was about 42 years, and the
age distribution was similar in both groups. I cannot say that the seat posture was identical in all
cases; but I can say that most of the subjects took a similar seating posture.

—
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L'ENVIRONNEMENT VIBRATOIRE AU POSTE DE CONDUITE
DES ENGINS DE TERRASSEMENT
par
P. Boulanger, P. Donati, J.P. Galmiche et L. Roure
INSTITUT NATIONAL DE RECHERCHE ET DE SECURITE
Avenue de Bourgogne
Vandoeuvre-Les—Nancy
54500
France

RESUME : Des mesures, effectufes en collaboration avec des constructenrs et des utilisateurs d'engins de
terrassement, ont permis 3 1'I.N.R.S. d'une part de dresser un bilan de la contrainte vibratoire au poste
de conduite d'environ 70 enging de terrassement différents, actuellement utilis&s en France, d'autre part
d'évaluer 1'efficacité des suspensions des sidges qui les &quipent. Les mesures d'accélération ont @été
effectues sur 1l'assise du sidge et 3 sa base de fixation, selon trois axes orthonormfs. Plus de
150 essais ont &té réalisés pour avoir un &chantillonnage complet des principales tdches que peuvent
effectuer les véhicules concernds. D'aprds la norme AFNOR NF E 90-401, les contraintes vibratoires glo-
bales rencontrées pour les véhicules montés sur pneumatiques en phase de roulement (tombereaux et camions
tous chemins, décapeuses automotrices, chariots automoteurs, etc...) sont globalement plus sévdres que
celles trouvées pour les pelles hydrauliques et charg pellet s, lors du creusement de tranchées.
S1 1'on excepte les véhicules effectuant des taches de creusement, reprise au tas ou rippage, les vibra-
tions dirigées selon l'axe vertical sont généralement prédominantes. De plus, les résultats montrent que
les suspensions verticales des silges, &quipant les véhicules testés, notamment ceux montés sur pneuma—
tiques sont fréquemment inadaptées. I1 y a donc lieu d'applijuer le code d'essais de sidges défini par la
norme frangaise AFNOR E 58-074 pour les engins de chantier. Les mesures effectufes 2 la base du sidge ont
permis dans 1'ensemble, de valider la pertinence des classes spectrales des processus vibratoires préco-
nisés par cette norme pour effectuer en laboratoire les essals de sidges bien que quelques modifications
soient suggérées. En particulier, 11 est proposé d'inclure les tombereaux et camions de chantier et de
créer deux nouvelles classes pour prendre en compte les vibrations horizontales lorsque celd s'avdre
nécessaire.

: Measurements made with manufacturers and users enabled I.N.R.S. to evaluate the vibration
exposure at the workplace of about 70 different off-road machines presently used in France and the effi-
clency of machine suspension seats. Measurements were obtained from acceleromweters mounted triaxially,
placed on the seat pan and on the floor beneath the seat. More than 150 runs were performed to consider a
range of typical operating conditions of vehicles studied. According to the standard AFNOR NF E 90-401
the vibration exposures measured on running vehicles fitted with pneumatic tyres (dumpers and off-road
trucks, tractor scrappers, off-road fork lift trucks, etc...) were greater than those recorded in exca-
vators and back-hoe loaders while digging trenches. The drivers were exposed mainly to vertical vibration
unless the vehicles were used for excavating or scraping. In addition, the results show how poor is the
i{solation provided by the seat vertical suspension systems which equipped the vehicles tested especially
those fitted with pneumatic tyres. This proves the necessity to apply seat test code as defined by the
Prench standard APNOR E 58-074 for off-road machines. The measurements made on the floor beneath the seat
generally validate the pertinence of input vibration spectral cl recomnended by this standard to test
seats {n laboratory although some modification are suggested. Particularly, it is proposed to include the
dumpers and off-road trucks and to define two new classes to take into account horizontal vibrations when
necessary.

INTRODUCTION

La conduite d'engins de chantier concerne un nombre important de travailleurs puisqu'on peut estimer,
rien que pour la France, le parc des engins 3 environ 150 000, parmi lesquels plus de 20 000 pelles
hydrauliques, 40 000 chargeuses et charg pellet , 40 000 chariots &l&vateurs tous terrains,
5 000 tracteurs sur chenilles, etc. [1]. Les conducteurs sont astreints 3 des conditions de travail
rendues souvent pénibles par les paramdtres de l'environnement physique et les caractéristiques ergono-
aiques du poste de conduite, ce qui explique la désaffection observée pour ce mftier avec 1l'ancienneté.

Cette constatation a amené 1'I.N.R.S. 3 entreprendre 1l'€tude des niveaux de bruit |2]| et de vibra-
tions | 3] pergus au poste de conduite des engins de terrassement, en collaboration avec des conatructeurs,
des iaportateurs et des utilisateurs de matériel. Le présent article ne concerne que la partie vibration
de cette &tude.

Les vibrations transmises 3 l'ensemble du corps sont généralement considéres comme une cause de
stress généralisé. En effet, {1 est difficile de définir des effets physiologiques chroniques précis car
elles agissent simultanément sur de multiples organes. Ceci explique que 1l'on connaisse trds mal les pro-
blimes de santé qui affectent les personnes exposfes. Une enquite effectufe par le NIOSH (Institut
National de 1a Santé et de la Sécurité du Travail des Etats-Unis), portant sur 3 900 dossiers médicaux, a
pernis d'identifier chez les opérateurs d'engins les symptdmes suivants : probldmes digestifs, n.to~
urinaires, intestinaux, affections d'ordre musculo-squelettique et cardiaque, tension au travail [4). On
notera nésnmoins que 1'augmentation du taux de morbidité& observés dans la profession pour ces pathologies,
n'est pas supérieure 3 celle constatée pour des travailleurs non exposés A des vibrations, du fait que la
probebilité de quitter son emploi est plus forte pour des conducteurs malades que pour des travailleurs
sédentaires atteints des mbmes symptdmes [5).

Les travaux entrepris par 1'I.N.R.S. pour sméliorer 1l'hygidne au travail des conducteurs d'engins,
sont basés sur 1's priori que la réduction de la contrainte vibratoire entrainera automatiquement la dimi-
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nution de 1'astreinte. L’'intensité de la vibration peut 3tre atténuBe 3 différents &tages : 3 la source
(planéité des pistes...), au niveau de la suspension de la caisse (la plupart des véhicules tous-terrains
ne sont pas encore pourvus de suspensions efficaces), des pneumatiques, de la suspension de la cabine et
du sidge [1 et 6]. Mais 1'étage le plus important pour le préventeur, 3 1'heure actuelle, est celui cons-
titué par le siége car :

- 11 représente l'ultime maillon qui sépare 1'homme de la machine ;

- 11 est généralement le moins cher ;

- 11 est le seul sur lequel on peut pratiquement &gir aprés la réalisation de 1'engin.

C'est pourquoi, 1'étude présente dans cet article, vise les deux objectifs suivants :

(a) Comparer les contraintes vibratoires relevées au poste de conduite des principaux engins de chantier
actuellement utilisés en France.

(b) Mesurer l'efficacité des suspensions des sidges @&quipant ces engins, dans des conditions réelles
d'utilisation, et &valuer la pertinence des classes spectrales des vibrations d'excitation contenues
dans le code d'essal de sidges d'engins de terrassement (norme frangaise expérimentale E 58-074 | 7).

1. MATERIEL ET METHODE
1.1. Matériel
1.1.1 Sélection des engins retenus pour la conduite de 1l'&tude

Des discussions avec les professionnels ont débouché sur la sélection de 70 engins différents de
fagon 2 couvrir les types de machines les plus couramment utilis@es sur les chantiers (pelles hydrau-
liques, bouteurs, chargeuses, chargeuses—pelleteuses, niveleuses, décapeuses automotrices, tombereaux,
camions tous chemins, chariots &l&vateurs de chantier) parmi les marques et moddles diffusés en France
(voir tableau l). En dépit du nombre d'engins test&s, 1'étude ne prétend &tre ni exhaustive, ni représen—
tative. Mais elle a le mérite de fournir une photographie vraisemblable du parc actuel frangais.

1.1.2. Définition des conditions d'utilisation

I1 est bon de rappeler ici, la philosophie de la France en matidre de code d'essal en vibration des
si2ges d'engins de chantier puisque cet aspect a fortement conditionné le plan expérimental de 1'Etude.

- Le sidge doit avoir un comportement dynamique in situ satisfaisant dans tous les cas et plus particu-
lidrement dans des conditions de sollicitations difficiles qui sont 3 1'origine des niveaux vibratoires
les plus &levés.

- C'est pourquoi, on borne le probl3me par la sévérité vibratoire des taches typiques retenues (il peut y
en avoir plusieurs).

- Sous ces conditions, 1'intensité des vibrations transmises par le séant au conducteur suivant 1'axe
séant-tdte ne duit pas dépasser lors des essais, la valeur de 1,25 m/s2 (cf. la norme frangaise
NF E 58-050 [8] et la directive européenne CEE L 255 | 9], relative aux tracteurs agricoles). Il s'agit
d'une valeur limite et non pas d'une valeur moyenne acceptable 8 heures par jour.

- Les essais sont effectués en laboratoire sur un simulateur de vibrations. La norme E 58-074 définit
4 classes spectrales de vibrations d'entrées verticales en fonction des espdces d'engins.

(a) Réglage des sidges.
On a vérifié& que les sidges ne présentaient pas d'anomalie flagrante de fonctionnment statique et
qu'ils &taient correctement fixés sur le plancher du poste de conduite. Lorsqu'ils &taient pourvus de
réglages (poids, hauteur, longitudinal), les sidges &taient ajusté&s selon les préférences du conduc-
teur, des précautions &tant prises pour minimiser les risques de fonctionnement anormal en régime

dynamique.
Nombre | Nombre de
Engins d'engins| marques Taches
différentea
Pelle hydraulique 19 6 creusement
Bouteur 11 5 rippage, décaissement,
roulement
Chargeuse 13 8 roulement
Chargeuse-pelleteuse 7 4 reprise au tas,
roulement
Niveleuse 4 3 nivellement
Décapeuse automotrice 2 2 décapage, roulement
Tombereau et camion tous chemins 6 4 roulement
Charfot tous terrains 8 4 roulement
TOTAL 70

Tablesu 1 - Répartition des engins testés
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(b) Choix des cycles de travail.
A défaut de cycles de travail normalisés, les configurations expérimentales retenues ont &té celles
qul sont les plus représentatives des conditions réelles de travail (cf. tableau 1). Ainsi, pour les
pelles hydrauliques, les phases de roulement n'ont pas &té prises en considération. Les paramdtres
118s au site expérimental (relief, nature, granulowétrie et dureté du sol, etc.) n'étant ni mattri-
sables, ni aisément mesurables, i1 a &t& décidé de s'en tenir 3 la notion de “"conditions courantes de
chantiers” pour l'ex&cution des essais.

(c) Instructions données aux conducteurs.

Avant les essais, on a demandé aux conducteurs (les véhicules &taient conduits par les opérateurs

habituels) :

- de maintenir un "rythme de travail soutenu et régulier”, le but visé &tait d'obtenir, d'une part un
régime vibratoire le plus stationnaire possible et d'autre part, un "majorant” de la contrainte
vibratoire correspondant sensiblement 3 une journée normale de travail. Pour chaque configuration
expérimentale, la durée des &chantillons prélevés en régime stabilisé de vibrations é&tait de
1'ordre de 5 minutes ;

- d'éviter d'exciter le sidge par actions brutales sur les commandes ou modifications posturales
importantes.

1.2. Méthode
1.2.1. Mesure des vibrations

Les mesures de vibrations ont &té réalisées, en application des normes internationales et frangaises,
relatives 3 1'évaluation de 1l'exposition des individus 23 des vibrations globales du corps (normes
IS0 2631 [10] et AFNOR NF E 90-401 [11] et au code d'essai de sidges en vibration (normes AFNOR
NF E 90-451 [12] et expérimentale E 58-074). Les mesures ont &té prises :

- sur 1'assise du si3ge au moyen d'une interface de mesure semi-rigide (contenant 3 accéléromdtres Schlum-
berger CD 0223/S linéaires) placée entre la sellerie et le séant du conducteur sous les tub&rosités
ischiales ;

- 3 la base du sidge au moyen de 3 accélérométres linfaires similaires fixés a i'aide d'un aimant (ayant
une force d'attraction d'environ 1 000 N) sur la partie rigide la plus proche de 1'amarrage du sidge sur
le plancher de la cabine.

Les accéléromdtres linéaires avaient leurs axes sensibles orientés selom un triddre orthonormé :
- axe X : direction avant-arridre
- axe Y : direction latérale
- axe Z : direction verticale.

Les signaux analogiques correspondants ont &té enregistrés sur bandes magnétiques pour &tre analysés
en temps différ&. Pour les véhicules &voluant au point fixe ou sur un trds faible rayon d'action, les
liaisons entre les chalnes de mesure et 1l'enreglstreur ont &té effectufes par cdbles. Pour les autres
engins, on a utilisé une tél&mesure ayant une bande passante de 0,1 3 250 Hz et dont la portée &tait d'en-
viron 200 mdtres en terrain découvert.

1.2.2. Calcul des valeurs caractéristiques.
Les enregistrements accélérométriques ont fait 1l'objet des dépouillements et calculs suivants :

(a) Spectres fréquentiels et courbes enveloppes. Les densit&s spectrales de puissance (D.S.P.) des accé-
lérations mesurées sur 1'assise du si2ge et sur le plancher ont &té calculées sur un analyseur de
Fourifer GENRAD modele GR 2506, & deux voies d'acquisition simultanfes. Les &chantillons d'une dure
de 300 secondes ont &té analysés dans la bande fréquentielle 0-80 Hz. La fréquence d'&chantillonnage
&était de 205 Hz et le nombre de moyennes 60, ce qui a permis d'obtenir une résolution de 0,2 Hz. Il
n'a pas &t& utilisé de fendtre de Hanning.

En outre, pour chaque espdce d'engins et chaque tiache, on a regroupé les diverses D.S.P. des acc€lé-
rations mesurées sur le plancher et on a calculé les courbes enveloppes maximales, moyennes et mini-
males correspondantes.

(b) Valeurs efficaces des accélérations linfaires pondérées et des accélérations &quivalentes. La pondé-
ration fréquentielle, représentative des différences de sensibilité de 1'homme aux vibrations zn
fonction de 1la fréquence et de la direction, a &té effectufe au niveau des différentes D.S.P., des
accélérations linfaires, conformément A la norme ISO 2631. Les valeurs efficaces des accélérations
pondérées correspondantes (a_., a,y et a,.) ont &té déduites par intégration de ces D.S.P. ainsi
modifiées. L'accélération équiv&iente. au niveau de 1'assise du sidge, a &t& calculée A partir de la
formule préconisée par la norme AFNOR NF E 90-401 :

R Y Sy

(c) Rapports de transmission vibratoire entre silge et plancher ou entre axes différents :

- L'évaluation de 1l'efficacité des systimes antivibratiles des silges selon 1l'axe vertical s'est
faite au moyen du rapport suivant :
R..lu.z
avec q';' et a ., . correspondant respectivement aux accélérations efficaces pondérfes selon
1'axe 2 rélevies 60 hivesu de 1'assise du sidge et du plancher {cf. norme AFNOR NF E 90-451). Si
est suplrieur 3 1, on considire que le sidge globalement amplifie ; par contre, si R, est inférieur
2 1, le sildge atténue 1'intensité vibratoire.

= Il &tait en outre intéressant de connaitre la direction ou les directions privilégibes de vibra-
tions. Pour celd, on a calculé, au niveau de 1'assise du sidge, le rapport l'.i. défini par la

v 2
formule : Ry,1e ™ —.vi'-‘-‘- avec : 1 = X ou Y.
s,z
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2. RESULTATS DES MESURES

Plus de 150 essais ont &té effectués pour couvrir les différentes tiches que peuvent effectuer les

70 véhicules test&s. Chaque essai a fait 1'objet de deux fiches individuelles de résultats comportant des
précisions pour chacun des engins testés, les valeurs des grandeurs citées dans le paragraphe 1.2.2 et les
courbes de D.S.P. Les résultats présent&s dans cet article constituent, pour 1l'essenticl, une synthse de
ces fiches.

2.1.

(a)

2,5

— N
- -
w o

Accélération &quivalente (m/s?)
r)

0,5

(b)

2.2,

Evaluation de la contrainte vibratoire au poste de conduite en référence 3 la norme IS0 2631.

Accélération €quivalente. La figure 1 montre que les intensités les plus sévéres, relevées sur
1'assise du sidge, sont généralement rencontrées pour les véhicules montés sur pneumatiques en phase
de roulement, la contrainte &tant parfois incompatible avec la durée courante d'un poste de travail.
En effet, des accélérations &quivalentes de plus de 2 m/s? ont &t& trouvées sur 1 des 2 décapeuses,
sur 4 des 6 tombereaux et camions de chantier et sur 5 des 8 chariots &tudiés, ce qui n'autoriserait
sous ces conditions que des temps d'exposition de moins de 2 heures, en référence 3 1la norme fran-
caise NF E 90-401. En moyenne, les niveaux mesurés sur les engins mont&s sur chenilles (chargeuses et
bouteurs) sont de l'ordre de 1,2 m/s?, quelle que soit la tiche effectuée (roulement, reprise au tas,
etc.). Les contraintes vibratoires globales les plus faibles (environ 0,6 - 0,8 m/s?) ont été obte-
nues pour les pelles hydrauliques et chargeuses-pelleteuses, lors du creusement de tranchfes au point
fixe et pour les niveleuses.

décapeuse chariot bouteur chargeuse -

# tombereau ,chargeuse chargeuse pelle
4 niveleuse pelleteuse

Figure 1 :
Comparaison des acc8lé-
4 rations é&quivalentes
moyennes relevées au
w poste de conduite des
divers engins &tudiés

par :

B AN (:)Lundatrdu et Lindberg
4 0N i
OO @:1.5rs.

O résultats identiques.

Espdce d'engins

Direction d'exposition privilégie au niveau de 1'assise du sidge. D'une fagon générale, les accélé-
rations efficaces pondérfes en intensité et en fréquence sont du mdme ordre de grandeur suivant les
axes X et Z (cf. figure 2a et b). On note cependant, une prédominance de 1'axe Z pour les vEhicules
montés sur pneumatiques effectuant principalement du roulement et de l'axe X dans le cas des pelles,
chargeuses-pelleteuses, bouteurs et chargeuses sur chenilles en phase de creusement, reprise au tas
ou décaissement.

Ces remarques quant A la prédominance d'une direction par rapport A une autre, ne sont valables que
pour les vibrations relevées au niveau de 1'assise du sidge. Au niveau du plancher, les caractéris-
tiques vibratoires sont différentes car, d'une part, on supprime 1'effet du sidge et d'autre part, la
position du point de mesure par rapport aux centres de tangage, de roulis et de lacet est différente.
Les 1intensités des accélérstions efficaces pondéres relevées suivant les axes X et Y sont, dans
1'ensemble, significativement correlées A celles relevées suivant 1'axe vertical (p < 0,05). Cette
constatation n'est pas vraie quand 1'axe X est compar€ A 1'axe Z dans le cas des engins montés sur
chenilles qui sont amenks A effectuer des tiches de poussage, ripage, reprise au tas, pour lesquelles
les efforts s'opdrent longitudinalement.

Efficacité des sidges pour atténuer les vibrations transmises au conducteur

La plupart des engins &tudiés &taient Equipfs d'un sidge muni d'un systdme antivibratile selon l'axe

vertical Z (suspension mécanique souple et/ou dans certains cas, garnissage de la sellerie). Par contre,
sucun des sidges testés n'était doté d'une suspension avant-arridre. La figure 3 récapitule les valeurs du
rapport de transmission R obtenues entre 1’assise du sidge et le plancher.
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Figure 2 : Comparaison des valeurs moyennes des accélérations efficaces pondérfes en fréquence et en
intensité relevées suivant l'axe avant-arridre [ a)| ou latéral | b)| par rapport i 1'axe
vertical. Comparaison entre les résultats moyens de Lundstridm et Lindberg ( P ) et de
1'I.N.R.S. ( o ).
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Oun notera que :

- Ce sont les engins montés sur pneumatiques qui présentent le plus de probldmes &tant doané les valeurs
élevées de 1'accélération &quivalente. En effet, les sidges de plus de 80 %X des véhicules de ce type
faisaient de la surtension. Cette observation s'explique aisément par des considérations relatives 3 la
distribution de 1'&nergie vibratoire en fonction de la fréquence. En effet, les engins montés sur pneu-
matiques ont un gpectre vibratoire riche en basse fréquence de 1 3 3 Hz. Pour atténuer de telles vibra-
tions, 11 faut une suspension relativement sophistiquée 3 grand débattement, ce qui n'est pas toujours
possible vu les contraintes de place et les exigences de conduite.

- Les engins montés sur chenilles sont généralement &quipés de sidges qui atténuent globalement 1'inten-
aité vibratoire selon 1'axe Z. Ces engins ont un spectre vibratoire uniformément réparti entre 1,5 et
10 Hz. Or, la plupart des suspensions que l'on trouve dans le commerce, atténuent les vibrations a
partir de 2,5 - 3 Hz. C'est pourquoi les valeurs de obtenues pour ce type de vEhicule sont infé-
rieures 3 1l'unité. Cependant, nméme pour ces engins, les vibrations en dessous de 3 Hz sont amplifies,
le rapport R_ ne traduisant qu'une moyenne globale sur toute la plage fréquentielle 1 - 80 Hz.

- Les sidges ﬁes engins les woins vibrants selon 1'axe vertical (pelles et niveleuses) ont tendance 2
faire de la surtension. Cette observation s'explique par la non linfarité des caractéristiques des
sidges aux faibles niveaux. Elle souligne la nécessité de maltriser les frottements de la cinématique et
le vieillissement du sidge.

La figure 4 donne les valeurs de R_ obtenues pour chaque essal avec les chargeuses sur pneus, les
chargeuses-pelleteuses et les chariots. 11 est clair pour ces engins que les plus hauts niveaux d'
observés sur l'assise, sont significativement 1iés au dysfonctionnement du systdme antivibratile du sidge
selon l'axe Z (r = 0,70, p < 0,001). Il suffirait donc d'équiper ces engins avec un sidge muni d'une
suspension efficace pour réduire 1'intensité vibratoire d'au moins 50 X.

L'application des prescriptions des normes de code d'essail de sidges NF E 90-451 et E 58-074 pourrait
trds probablement remfdier 3 cet &tat de fait.
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2.3. Courbes enveloppes spectrales des accélérations relevées 3 la base des sidges.

A titre d'exemple, nous avons donné dans la figure 5, les courbes enveloppes maximale, moyenne et
minimale des D.S.P. des accélérations X, Y et Z relevles en pied de sidge sur les chargeuses &quipfes de
pneumatiques (toutes tAches confondues). Dans 1'ensemble, on constate que la forme des courbes de D.S.P.
est en moyenne peu affectée par la tiche, ei 1'on excepte les charg sur p et surtout les
chargeuses-pelleteuses. Cette forme, pour une espdce donnfe d'engins, est relativement bien typée, surtout
selon 1'axe vertical. C'est ainsi que par exemple, on observe pour cet sxe, un pic d'énergie prédominant
dans les bandes fréquentielles suivantes :

- 1,5 = 2 Hz : tombereaux, camions tous cheamins et décapeuses non suspendues,

- 1-2,5 He : chargeuses sur pneus (roulement),
-2-3Hs : chariots de chantier et niveleuses,
- 1= 4He : décap pendues.
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Figure 5 : Courbes enveloppes maximales (.....), moyenne ( ), ainimale (‘”U) des D.S.P.
des accélérations X, Y et Z, relevées sur les chargeuses sur pneus, toutes tiches
confondues. av et avg,y sont les accélérations efficaces pondérées correspondantes.

3. DISCUSSION
3.1. Comparaison des résultats obtenus avec ceux de Lundstrbm et Lindberg |13].

Les résultats de 1'I.N.R.S. ont &t& comparés A ceux obtenus par Lundstrim et Lindberg qui ont &valué
1s contrainte vibratoire su poste de conduite de 56 engins pour la plupart différents de ceux que 1l'on a
mesurés. Leurs &valuations ont &té réalisées au cours d'un ou de plugsieurs cycles de travail complets de
15 2 25 minutes.

Ils ont obtenu dans le cas des tombereaux des valeurs d'accélération &quivalentes, au niveau du
sidge, plus faibles en moyenne que celles de 1'I.N.R.S. (1 m/s? environ au lieu de 2 w/8?). Cette diffé-
rence s'explique par le fait que leurs mesures incluaient pour ce type d'engin, en plus d'une phase de
roulement sur piste et sur route asphaltée, une phase de chargement. Il en est de mlme pour les chargeuses
sur pneumatiques ; les valeurs d'accélération &quivalente &taient de 1,3 m/s? en moyenne selon 1'Etude
subdoise au lieu de 1,9 =/s? (reprise au tas) et de 2,3 m/s?2 (roulement) pour 1'&tude I.N.R.S. Par contre,
nous avons trouvé des valeurs snalogues pour les chargeuses sur chenilles (1,2 et 1,4 m/82), les pelles et
les chargeuses-pelleteuses en phase de creusement et les niveleuses (0,9 m/s2). Enfin, Lundstrbm et
Lindberg donnent des intensit$s plus fortes pour les bouteurs (1,8 w/s? en moyenne au lieu de 1,2 m/s?)
qui s'expliquent par les conditions opératoires qu'ils ont rencontrés (sol gelé).

Les différences observées nous ssinent 3 rappeler que 1'on a recherché volontairement, dans un objec-
tif premier de code d'essai de s1dge, un "msjorant” de la contrainte vibratoire dans des conditions
d'utilisation typique correspondant 3 une journée de travail. Dans la réalité, 11 est sr que les opéra-
teurs ne sont pas exposée de manidre continue A de telles intensités, 8 heures par jour. C'est ainsi que
les conducteurs de tomberesux et camions tous chemins sont astreints 3 des périodes de fortes expositions
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lorsqu'ils conduisent sur des pistes de chantier mal entretenues et 3 des périodes de moindre exposition
au cours du chargement de leur véhicule. Une estimation correcte de 1'intensité moyenne transmise au
conducteur au cours d'une journfe de travail aurait donc nbcessité la définition prEalable de tiches
typiques (comme il 1'a &té& fait par Lundstrdm et Lindberg), la connaissance de la répartition A2 ces
tiches au cours de la journfe et la prise d'un trds grand nombre d'échantillons de mesure. Cela &tait en
dehors de notre objectif. C'est pourquoi nous avons cherché seulement 3 faire des conparaisons d'un engins
4 1'autre de fagon 3 connaltre les plus vibrants.

3.2. Pertinence des classes spectrales des vibrations d'excitation retenues pour les essais de sidges en
laboratoire (norme E 58-074).

Les résultats présentés dans le paragraphe 2.2 relatifs 3 l'efficacité des sidges pour atténuer les
vibrations montrent que, bien souvent, la suspension verticale du sidge n'est pas adaptée au véhicule sur
lequel 11 est monté. Il y a donc nécessité d'appliquer les codes d'essais de sidges définis par les normes
frangaises NF E 90-451 et E 58-074. Ces normes préconisent, afin d'obtenir la plus grande fidé€lité des
résultats, d'effectuer les essais sur un simulateur de vibration. La représentativité des essais dépend
donc avant tout du choix des processus d'excitation. La norme E 58-074, spécifique aux engins de terrasse-
ment, définit 4 classes spectrales de vibration d'entrfe verticale en fonction de 1l'espdce des engins (cf.
figure 6). Il s'agit de processus aldatoires, A distribution d'amplitude gaussienne, définis par leur
densit& gpectrale de puissance et leur valeur efficace.

Nous avons tenté de vérifier la pertinence des classes spectrales pour les engins qu'elles sont
supposées représenter en les comparant aux courbes enveloppes de D.S.P. des accélérations relevées 2 la
base du sidge, prégentfes dans le paragraphe 2.3. et d'en &tendre 1'application (s'il y a nfcessité d'en
&laborer de nouvelles) aux engins de chantier non inclus jusqu'd présent dans la norme E 58-074 (tombe-
reaux et camions de chantier et pelles hydrauliques sur pneumatiques et sur chenilles). D'autre part, pour
certains engins (chariots de chantier, tombereaux, camions tous chemins et bouteurs), les vibrations hori-
zontales sont importantes, voire prédominantes (pelles et chargeuses-pelleteuses). Il y aurait donc lieu
d'envisager d'€quiper les sidges avec une suspension avant-arriére ou latérale, d'od la nfcessité d'&labo-
rer pour ces véhicules des classes de vibrations d'entrée horizontales.

a) Classe 1 c) Clasgse III
psp BEférence 0 dB = 8 (m/s2)2/Hz DSP Référence 0 dB = 2(m/s2)2/Hz
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Figure 6 : Graphes des 4 classes spectrales de vidration d'entrfe, préconisfes par la norme
E 58-074 pour les codes d'essail de sidges d'engin de chantier selon 1'axe vertical.




-

3-9

On a8 considéré une classe spectrale comme pertinente pour une espéce spécifique d'engins, dans 1la
mesure o) {1 y a cohérence avec la répartition fréquentielle des courbes enveloppes obtenues (surtout aux
basses fréquences pour le filtrage des silges) et les valeurs supérieures des accélérations efficaces
pondérées mesurfes (a,).

(a) Vibrations verticales :
Les 4 classes définies dans la norme sont quasiment suffisantes pour caractériser en fréquence et en
intensité tous les véhicules &tudiés. Les différentes espdces d'engins pourraient &tre classées comme

suit :
- Classe I : tombereau et camion tous cheamins, décapeuse non suspendue.
- Classe II : décap pendue, chariot de chantier, chargeuse sur pneumatiques (roulement),

chargeuse-pelleteuse (toute tdche sauf creusement).

- Classe II1 : chargeuse sur pneumatiques (reprise au tas et chargement), chargeuse—pelleteuse (creu-
sement) et niveleuse.

- Classe IV : chargeuse sur chenilles, bouteur sur chenilles, pelle toutes catégories (creusement).

(b) Vibrations horizontales :

A des cl spectrales recommandées par la norme E 58-074 n'est représentative de ce que l'on
trouve selon les directions horizontales. 11 y aurait donc nécessité d'en établir de nouvelles, 3
savolr, une classe V (pic d'intensit& entre 1 et 2 Hz, a, = 0,8 m/s2) qui s'appliquerait plus parti-
culidrement aux décapeuses, chariots de chantier, charg sur p ,» charg pelleteuses et
bouteurs et une classe VI (plat entre 1 et 10 Hz, u', = 0,6 m/82) qui concernerait les chargeuses sur
chenilles et &ventuellement les pelleteuses selon 1l'axe X. Les niveaux relevés sur les niveleuses et
les pelleteuses (axe Y) sont suffisamment faibles pour ne pas justifier de suspension.

Remarque :
L'atténuation des vibrations basses fréquences, telles que celles correspondant 3 la classe V propo-

sée (pic d'intensité vers 1 Hz), nécessiterait une suspension 2 grande course, ce qui n'est pas souhai-
table du fait des contraintes de contrdle des vEhicules. En fait, 1'int&r@t principal d'une suspension
horizontale, pour ces vEhicules, r&side dans la possibilité d'atténuer 1'aspect {mpulsionnel du signal.
C'est pourquoi, il nous seamble indispensable d'utiliser comme processus d'excitation, un signal non seule-
ment représentatif en fréquence mais aussi en distribution d'amplitude.

4. CONCLUSION

Il ressort donc de 1'analyse des signaux accélérométriques enregistrés sur l'assise du sidge et sur
le plancher, selon les directions verticale, avant-arriére et latérale, que :

(a) Les contraintes vibratoires globales calculées en référence 3 la norme AFNOR NF E 90-401, pour les
véhicules wmont&s sur pneumatiques en phase de roulement (tombereaux et camions tous chemins, déca-
peuses automotrices, chariots automoteurs, etc.) sont généralement plus sévires que celles trouvées
pour les pelles hydrauliques et chargeuses—-pelleteuses, lors du cr nt de tranchée au point fixe.
En ce qui concerne ces derniers engins, 11 se peut que la mfthode préconisée sous-estime la con-
trainte vibratoire réellement subie 3 la valeur moyenne de 1'intensité vibratoire qui est, dans ce
cas, fortement fluctuante en fonction de 1'opération effectufe dans le cycle de travail. S'il se
révélait que la sensibilité des individus est fortement influencée par les pics d'intensité, ce type
d'engins apparaltrait certainement comme plus nuisible.

En moyenne, la direction privilégife, pour les véhicules montés sur pneumatiques en phase de roule-
ment, est l'axe vertical. Dans 1'enseable, les prescriptions de la norme frangaise NF E 58-050,
relatives 3 1'intensité vibratoire maximale transmise aux conducteurs, ne sont pas respectées.

Dans le cas des pelles, chargeuses-pelleteuses, bouteurs et chargeuses sur chenilles, il y aurait
prédominance de la sévérité vibratoire selon 1'axe avant-arridre pour les tidches de creusesent,
reprise au tas et décaissement.

(b) Les suspensions verticales des sidges &quipant les véhicules testés, notamment ceux montés sur pneu-
matiques, sont souvent inadaptées. Dans certains cas, 11 suffirait simplement d'&quiper ces engins
avec un sidge qui ne surtensionne pas aux fréquences du vEhicule, pour réduire 1'accélélration verti-
cale de plus de 50 X. L'application du code d'essai de sidge, en référence aux Normes frangaises
NF E 90-451 et E 90-074 pourrait trds probablement remfdier 2 cet &tat de fait.

(¢) Pour chaque famille d'engins, on a &laboré des enveloppes spectraies représentatives du plus grand
nombre d’'engins. Dans 1l'ensemble, elles montrent, pour l'axe vertical, la perti des cl
spectrales de vibrations existant dans la norme AFNOR E 58-074 relative aux essais de silges d'engins
de terrassement en laboratoire. Cependant, quelques modifications sont suggérfes ; en particulier, 11
est proposé d'inclure les tombereaux et les camions de chaatier.

I1 vy a matildre 2 créer deux nouvelles classes en matidre de vibrations horizontales qui pourraient
Stre définies non seulement en fréquence et en intensité, mais aussi en distribution d'amplitude.

11 est envisagé de prolonger cette &tude par une campagne d'essai de sidges d'engins de terrassement
effectule conformfment 3 la norme APNOR E 58-074 modifife, afin de pouvoir les classer en fonction de leur
capacité 3 réduire les vibrations.
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DISCUSSION

QUANDIBU, FR: I would like to know if the seat characteristics that you described are really
non-linear at low intensity?

DONATI, FR: The behavior of the plastic, flexible suspension system, due to friction and the age
of the seat, can be non-linear. This explains the very important overloads that we observed with this
type of seat.

VAN VLIET, CA: I think the power spectral density (PSD) approach {s good for clasezifying vi-
bration signals. However, taking into account the non-linear characteristics of the passive seat,
there are limitations to this approach. For instance, it does not allow you to reconstruct time his-
tories, At present, in Canada, we use reconstructive time histories to evaluate seats because there is
no phase information in the PSDs.

DONATI, CA: I agree with you, but it is our opinion that this represents the simplest method for
obtaining results, as a first step. It must be pointed out that this method is presently used for ac-
ceptance testing of all farm tractor seats in Europe. However, 1 believe that we should include other
factors, such as vibration, in our assessment. We used this method simply for its convenience,




BACK PAIN AND DISCOMFORT RESULTING FROM EXPOSURE
TO VIBRATION IN TRACKED ARMOURED VEHICLES

by
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1133 Sheppard Avenue West, P.0. Box 2000
Domsview, Ontario, MM 3B9
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INTRODUCTION

That the ride of military vehicles can have pathalogical effects on the occupants has been
recognized since charioteers rode with their knees bent to attemmte the shocks from the floor
of their vehicles. More recently "tank back" was reported by medical officers during and
immediately after the 193945 war, and similar effects ("jeep back") were noted for truciks and
cars (Ref 1). Despite many references to the chronic effects of vibration and shock on humans,
there are few data which relate the effects of exposure to the ride characteristics of the
vehicle. This is reflected in the second draft of what are probably the most widely used guide-
lines for human exposure to vibration, ISO 2631 (Ref 2), which stated that "in view of the cam-
plex factors determining the human response to vibration, and in view of the paucity of quanti-
tative data concerning man's perception of vitration and his reactions to it....(the guidelines
have been prepared)...to give provisional guidance as to acceptable human exposure to vibra-
tion". The exgosure limits of ISO 2631 are based an "approximately half the level considered
to be the threshold of pain .... for healthy male subjects restrained to a vibrating seat".

From the earliest drafts, the standard also expressed the hope that it would lead to the
"reporting and critical ewaluation of new findings about the effects of vibration on man".
That aim has been a consideration during the various surveys of vibration levels in military
vehicles which have been undertaken at DCIEM during the psst fiftesn years. Tius when the
Institute was asked by the Base Surgeon at Canadian Forces Base (CFB) Gagetown to investigate
several instances of lower back trauma in tracked armoured-vehicle drivers, the opportunity was
talsn to study the interrelationship of vehicle ride, operator exposure and back pain (Ref 3).

The problem was evident in a pool of drivers attached to the Combat Arms School (CAS), who
were required as part of the school curriculum to drive long hours in M113 armoured personnel
carriers during training exercises. The Base Surgeon had noted that, within six months, two
drivers fram the CAS pool ("Pool drivers") had required surgery for lumbar disc herniation.
Both men were under age 34, and subsequent irvestigation revealed that, among 28 CAS Mi113
drivers with possible back problems, ten had recurrent lower back pain to the extent that time
was missed from work. Of the ten, one required surgery during the period of the investigation,
and another six, who were free from congenital abnormalities of the spine, were found by X-ray
oanination to have changes such as degenerative disc disease.

INVESTIGATION OF THE PROBLEM

The actions of the Base Surgeon had, maturally, arcused the awareness of the Pool drivers
to the risks associated with the ride characteristics of their vehicles. A three-aspects
approach was therefore taken to the irvestigation. The first aspect was to review the medical
history of the Pool drivers for the three years prior to the irmestigation, and to compare them
with those of two other groups of drivers. One group, ("RCR drivers"), drove the wvehicle
but for fewsr average hours per week. The other group ("Centurion drivers"), drove a slower,
heavier vehicle for a similar number of hours per week.

The three groups were roughly similar in size, (18 Pool, 24 RCR, 20 Centurion), amd were
matched for ages, heights and weights. The age distribution or the RCR drivers was, in fact,

slightly skewad toward the left, implying a slightly younger population, but the three groups
were not statistically different.

The second aspect of the study was to review the exposure history of the three groups of
drivers. This was done using a modified version of the questiormaire developsd by Fitzgerald
and Crotty (Ref 4). The questiomnaire was modified tc cover aspects of the driving erwironment,
incluling types of terrain, spesd over different terrain and hours driving per day ard per

The possible effect of poor posture as a contributory factor to back pain wes of concern.
However, equipment and teciniques necessary to record the posture adopted by the driver in the
confined space of an AFV were not svailable. Therefore, posture was investigated subjectively
throagh questions related to the comfort of the seat, and the need for improvemsnts to the
seats of the two vehicles.

The third aspect of the study involved the recording ard snalysis of the ride charecteris-
tics of the Mi13 and the Centurion. Acceleretions were msssured in three orthogonal mxes at
the driver's tuttocks, as each vehicle was driven at represantative speeds over varicus types




of road and terrain. A one—third octave-band analysis of the data was then compared with the
Bxposure Limit (EL), the Fatigue Decreased Proficiency Boundary (FDP), and the Reduced Camfort
Boundary (RC) of ISO 2631.

Also used was a criterion for assessing human tolerance to high crest-factor acceleration
(shock), taking into account the compressive load limitations of the spine. Payne (Ref 5) pro-
posed a single degree—of-freedom lumped-parameter model to approximate the gross mechanical
characteristica of the human spine. The model consists of a simple linear mass-spring system
with damping that is proportiomal to velocity. As the system is excited by an acceleration-
time history, it gives as an output a corresponding time history of the compressive deflection
of the spring. A Dynamic Response Index (DRI), representing the peak value of the compressive
deflection, is determined for each peak in the acceleration-time history.

Allen (Ref 6) has proposed a specification for human tolerance to repeated shocks, based
on the DRI model and on the concept that structural fatigue or damage is camlatively linear to
the point of rpture (Miner's Rule). The inmplementation of the proposal provides a means of
quantifying tentatively the occurrence and severity of shocks in an acceleration-time history,
and is used by the Institute as an interim method for assessing cross—country vehicle ride
quality.

In the proposal, Allen has specified exposure limits representing various degrees of
disomfort as a function of the number of repeated shocks: Passenger Camfort (PC), Moderate
Discamfort (MD), and Severe Discamfort (SD) (see Figure 1). In addition, a five per-cent
back-injury criterion 1is specified, based on vertebrae breaking strength data fram which the
parameters of the DRI spinal-loading mode]l were defined (DRI = 20 g corresponds to 50 per-cent
protability of spinal injury (Ref 7)), and on the correlation of DRI to aircraft-ejection
injury rates (Ref 8).

The DRI model and Allen's proposal for human tolerance to repeated vibration shocks were
implemsnted at the Institute on an analogue and a digital computer, and used to ammlyze samples
of the M113 and Centurion off-road (cross-country) Z-axis acceleration-time histories.

RESULTS
Madical Records

Chi squared amlysis of the records showsd that the three groups of drivers had not dif-
fered in their frequency of visits to the Msdical Investigation Room (MIR) in the three years
prior to the study. However, the Pool drivers reported significantly* more back pain camplaints
than the RCR drivers, or than the RCR and Centurion driver groups cambined. Similarly the Pool
drivers mentioned their wehicle as a casative factor in their complaints significantly more
often than the other two driver groups.

Questiomnaire Results

It was to be expected that the MIR records would not represent the total incidence of back
pain in any of the driver groups. It appeared probable that some back pain was considered too
minor to warrant a visit to the MIR, and was self-treated with massage, rest etc. The data
fram the questiomaire supported that assumption, indicating that more men in all three driver
groups suffered from back pain than was shown by the MIR records. Eighty-nine per cent of Pool
drivers, 46 per cent of RCR drivers, and 55 per cent of Centurion drivers reported suffering
fram backache or back pain.

Median Chi square tests showed no significant difference in the proportion of sufferers in
each group having a prior accident involving the back. Fram that cbeserwation it is argued that
prior injury imvolving the back is not the major causative factor of the higher incidence of
back problems in the Pool group.

The questionmaire responses indicated that there were differences in the sports activities
of the three groups. Significantly more RCR drivers participated in jogging and swimning than
the other drivers; significantly more Centurion drivers played golf than drivers in the other
two groups.

Median Chi square tests showed no significant difference between the driver groups in
terms of prior experience driving their vehicles. Examination of the distribution of the ques-
tiomaire responses showsd, however, that there was a trend to the RCR and Centurion Arivers
having had fewer years of armoured fighting vehicle (AFV) driving experience than did the Pool
drivers. This agreed with expectations from the career progression pattern, since ARV drivers
tended to be stresmed into the CAS on the basis of experience. Pool drivers were found to be
spread over all levels of experience, whereas the RCR drivers were skewed towards less experi-
ence, and the Centurion drivers more markedly so. Therefore, the type of driving and the cumu-
lative effect of experience may be confournded.

The questionmaire results confirmed the selection of the two camparison groups. The amount
of driving per week was found to be the same for Pool and Centurion drivers, with the RCR growp
driving significantly less. The mmber of hours per week driven across ocountry was also the
ssme for the Pool and Centurion drivers, and significantly less for the RCR drivers (see Table
I), and the Pool and Centurion drivers drove significantly fewsr hours per week on gravel roads

* Throughout the analysis significance is at the .05 level or better.




than did the RCR drivers.
TABLE I

NUMBER OF HOURS PER WEEK DRIVING CROSS COUNTRY

Groups

Pool RCR Centurion

Drivers Drivers Drivers
Less Than 10 Hours 2 13 1
Between 10 ard 30 Hours 8 3 6
Between 30 and 50 Hours 6 [s] 9
Greater Than 50 Hours 2 [+] 2
No Reply 0 8 2

Factor Analysis

From the analysis of the MIR records and the questiomnaire data, several differences were
noted between the Pool drivers ard the two other groups, any of which could have been a contri-
butory cause of the higher incidence of back pain experienced by the Pool drivers. The follow-
ing differences were considered for further amalysis:-

i. driver age

11. driver physique (weight/height ratio)
1ii. years of driving experience

iv. hours driven per week

v. total hours/week on all terrain-(road, gravel, cross-country)
vi. driving speed over terrain (roads, gravel, cross—country)
vii. mass of the vehicle

These variables, plus the presence or absence of back pain were swbjected to factor
analysis. Four factors were used, and a minimw loading of 0.3 was required on each factor.
Variables included in the same factors as presence of back pain were considered to be the mjor
contritutors to that condition. Two factors were found to include back pain. The variables
&ysociated with back pain were high total hours driven per week, long hours on all three types
of terrain, and a high personal wejght to height ratio.

Variables which grouped together in a third factor were no back pain, heavy wvehicle
weight, slow driving speeds and long hours cross-country. Those factors were interpreted as
representing the Centurion drivers' erwironment. Other variables which grouped together were
older drivers, more AVF driving experience and slow driving speeds across country. No signifi-
cance was attached to this factor, but it could be interpreted as indicating either that older
drivers learn to drive more slowly, or that they are less tolerant of shock than younger
drivers.

Ride Data

The acceleration levels measured on the driver's seat in the two vehicles indicated that
Z-axis levels in the M113 were considerably higher for off-road comditions than for paved- or
gravel-road corditions. In the much slower and heavier Centurion, Z-axis levels did not differ
significantly between road and cross-country conditions, and were less intense than those in
the M113 (Ref 9).

For cross-country conditions in the M113 (20 kph) and in the Centurion tank (12 kph), the
Z-axis FDP boundary was exceeded in the vehicles (at the driver's seat) after one hour amd
eight hours respectively, and the EL boundary after four hours and 24 hours respectively (Table
II) (Ref 9). In the M113 ride sample, crest factors as high as 13 were encountered. When the
crest factors exceed six, the effects of the motion upon health, fatigue and comfort may be
\lndamtiuted by the ISO 2631 criteria (Ref 2). In the Centurion Tank, crest factors were

ess than six.

TABLE II

M113 AND CENTURION TANK CROSS-COUNTRY Z~AXIS VIBRATION EXPOSURE LIMITS,
AT THE DRIVER'S SEAT, USING ISO 2631 AND ALLEN'S DRI-TOLERANCE CRITERIA

Acceleration 190 2631 DRI/ALLEN
Vehicle/Speed Crest Factor R mp EL EC M s
M113 AFC
20 kph 13 <l min i1hr 4&hr 4 min 4hr —
Centurion Tenk
12 kph - ihr 8hr 24hr —_— = -

The results of the DRI-Allen ccmputer amalysis are summarized in Table IX, amd indicate
that the PC amd M boundaries would be exceeded in the Mi13 after four minutes and four hours
respectively. During the 3-minute swple, 12 shocks exceeding 1 Gz were observed, producing
valuss of DRI ranging fram 1.01 to 2.79, with a mean valus of 1.65 snd a standard deviation of
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0.56 (Ref 10).

Note that the effect of gravity-bias acceleration was suppressed at the output of the
analogue cosputer (DRI model) in accordance with standard practice (Ref 11), and that the
digital-computer program did not accumulate DRI values (DRI 1.0) for accelerations less than 1
Gz. It is not until the spinal camppressive-spring force completely counteracts the weight-
force vector that the vertebral column becamss the primary weight-bearing elemsnt. Hence,
accelerations less than 1 Gz are not significant in the spinal-loading model.

No values of DRI were generated for the Centurion Tank. This is because the tank cross-
country data did not contain acceleration shocks exceeding 1 Gz.

DISCUSSION

The major limitation to the study was the small sample size and their limited distribution
across the variables. The sample size, howsver, was dictated by the nmumber o .
effect of such a small sample on the statistical amlysis is an obvious wesknees. Therefore,
the results of the study must be considered as indications of trend, rather than robust cause-
effect relationships.

Other reservations must be expressed about some of the data. Upon identifying back trauma
among the Pool drivers, the Base Surgeon had instituted a limitation in driving hours, so that
it was not possible to validate the questiommaire returns for the hours driven
terrain. Sane members of the Fool and Centurion groups indicated that they were driving
between 50 and 70 hours a weak. It is questiomable vhether those AFVs would be continually
driven for more than ten hours a day on a routine basis, and it is possible that the total
hours include time at rest, or in a hide. It has been noted during other emsrcises that the
drivers of such vehicles take any opportunity to move them, so that, although they are nomi-
mally "at rest”, they are actually often moving about the "rest" area. When at rest the vehi-
cle engines are left ruming. The drivers would therefore be exposed to the vibration from that
source, if not fram actually driving. Overall, then, the details of the vibration stress on
drivers reporting loang hours per week are not clear. Since the time expogpure limits of ISO 2631
are logarithmically related to acceleration, however, they bscome increasingly imprecise for
exposures greater than four hours, and the questiomaire data were therefore judged to be ade-
quate for the study.

Another concern is whether the incidence of back pain reported by the Pool drivers differs
significantly fraom that reported in the general population of drivers or people with
vibration-induced injury. The use of two comparison grougps did not, in itself, guarentee tiat
the Pool drivers would be compared to a "normal"” population. Unfortumtely, no data have been
found which imiicate the "normel" incidence of back pain in the Canadian Forces. The data fram
the three grows were therefore compared with data from the British Army (Ref 12) and with
Canadian farmers (Ref 13), tractor drivers (Ref 14) and interstate bus drivers (Ref 15). Based
on the findings of those studies, it appsared that the control groups did have a higher
incidence of back pain than "normal". If this is the case, then the cowparisons between the

muy underestimate the effects of common factors such as age, driving experience and
V. .

The relationship of driving posture and vehicle-ride effects on btack treuma is of major
interest to this symposium. Although posture was recognized as an important factor in the con—
sideration of causss of back pain, and although questions on the design of the seat were
included in the survey, it was not possible to treat posture systesatically. Some M113 drivers
imicated in their questiormaire responses that they used their back rests. It was found, how-
ever, that it was not possible to drive either the M113 or the Centurion with the tack in con-
tact with the back rest without adopting a very uncomfortable posture. Lap belts were provided
in the M113, but if used they held the driver's buttocks in place, forcing him to lean forward
to reach the controls. The relative position of the driver's hatch and the seat in both wvehi-
cles also made it difficult to sit upright. The resulting forward lnched posture almost cer—
tainly resulted in flattening of the lumbar lordosis and campression of the lusbar discs at
their forward edge, which would exacerbate any stress on the spinal column.

Given the findings of Fitzgerald (Ref 16) that proper restraints, back support amd torso-
thigh angle were of importance to the reduction of the incidence of back pain among aviators,
it seenad reasonable to conclude that the poor posture of both the M1i3 and the Centurion seats
contributed to the drivers' complaints. If poor posture was the only factor contributing to the
incidence of back pain, howsver, then no difference would be expected between the two Mill13
driver groups. That was not the case; whereas 80 par-cent of RCR drivers and 88 per—cent of
Pool drivers reported the Mild seat very uncamfortable, only 42 per-cent of RCR drivers
reported back pain, cospared with 89 per-cent of Pool drivers. That poor posture does induce
back pain was evident by the responses of the Centurion drivers, 38 per-cent of whor suffered
from back pain.

As noted from the factor amlysis, the ride characteristics of the two vet .cles do imply
that there would be differences in the frequency of back pain. The results of the ride
snalysis based on IS0 2631 indicate that the Exposure Limit is not exceeded
sy spesd/terrain condition, wheress that limit is exceeded after four hours in the M113 when
travelling cross-country at speeds of more than 20 kph. Given the differences in

, this could explain the differences ir reports of back pain betwesn the Pool and
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vibration, coupled with long hours of exposure result in a high incidence of back pain camot
be called a new finding. The fact that the exposure levels predicted by ISO 2631 do appear to
have same relationship to the observed incidence of back pain is of interest. While a signifi-
cant amount of effort has been put into walidating the Reduced Camfort and the Fatigue
Decreased Proficiency limits of the standard, there have been few studies of the Exposure Lim-
its, which are, in fact, often the most critical aspects of military operations.

The validation of Allen's proposal for human tolerance to repeated shocks is not the pur-
pose of this paper. The assumptions made by Allen are that (1) discomfort is caused by the
dyramic canpression peak loads in the spinal column, (2) these loads can be quantified by the
DRI, and (3) damage is a linear function of accumulated loads. The first assumption is disput-
able in that discomfort is subjective and often due to non-specific stress; the second because
spinal-column stiffness is not independent of load level. Data are required to determine
whether the variable stiffness of the spinal column causes significant discrepancies in subjec-
tive responses to a given DRI value. The third assumption also requires validation, or a
demonstration of non-linear effects.

A question also exists concerning the significance of input accelerations that generate
values of DRI less than 1 g in evaluating ride quality (17). Although such values were not used
in the cumulative PC and MD limits shown in Table II, their effects upon soft-body tissue may
be an important factor in ride-discomfort analysis.

Although it is tempting to compare the four-hour Exposure Limit predicted by ISO 2631 with
the four-hour Moderate Discomfort limit predicted by DRI-Allen, such comparisons are not justi-
fied. Allen (Ref 6) has cautioned against such comparisons, first because of the preliminary
mature of the repeated-shock proposal, and secondly becamse of uncertainties regarding the
time-deperdency assumptions in ISO 2631. For the purpose of this study, suffice it to say that
the cross-country ride qualities of the M113 are shown to be significantly more severe than
those of the Centurion when evaluated by either ISO 2631 or Allen's proposal for human toler-
ance to repeated shock using the DRI spinal model.

On the basis of the evidence it seems not unreasonable to conclude that the high incidence
of back pain observed in the Pool driver group was the result of poor posture and exposure to
intense levels of vibration and shock for periods exceeding the exposure limits recommended by
IS0 2631, and that the incidence of back pain among RCR and Centurion drivers was related to
poor driving posture.
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DISCUSSION

TROUP, UK: I wonder if you could say a little about the studies of the spine which led to pre-
dictions of injury. I think this is rather an interesting and important topic.

BOWDEN (re BEEVIS and FORSHAW paper), CA: I cannot say too much about the paper. Allen's pro-
posal (AGARD Conference Proceedings No. 253, pp. A25-1 to A25-15) was based on a study of aircraft seat
ejection injuries. It related the shock of seat ejection to the injuries sustained from that single
shock to the pilot when he ejected. He found that the model, which is now used in the Standard in the
United States Air Force and is based upon the Dynamic Response Index (DRI), was established on that
sort of data. Allen simply extended it, using a principle of relating multiple shocks in a cumulative
way, to cover situations in which subjects were exposed to repeated shocks in aircraft or vehicles.
That's about all I can say about the paper.

SANDOVER, UK: I can add that Allen also used information from various studies, my own among
them, in which people had been subjected to a number of shocks as part of another experiment. There
were some comments on the subjective severity, so he used both the original DRI concept and some field
data.

LANDOLT, CA: Regarding the graph of the Dynamic Ride Index versus the number of shocke per 24
hours, would you know where the data of Beevis and Forshaw fits into that graph? Would they be near
the Passenger Comfort line?

BOWDEN (re BEEVIS and FORSHAW paper), CA: The estimate of duration was based on questionnaire
data, and the authors suspected that the actual driving exposure may have been less than indicated be-
cause the drivers would report rest periods inside the armoured vehicles, as well as the periods in
which they were actually driving cross country. As Beevis and Forshaw noted in their paper, the APC
DRI values ranged from 1.01 to 2.79; which, for exposure durations of less that 4 minutes, would lie
below the Passenger Comfort Boundary.

PRIVITZER, US: You said that the DRI was based on vertebral body compressive experiments. It is
actually directly based on ejection statistics; and, indirectly, related to vertebral body compressive
strength, because the ejection statistics were from ejections in which vertebral injuries were sus-
tained. The DRI values that you have reported are so low that I fail to see the significance in men-
tioning them.

BOWDEN (re BEEVIS and FORSHAW paper), CA: I would say that, in terms of ejection, the values are
very low, being less than 3G. However, in this Symposium, we are considering the problem of repeated
and cumulative exposures to stresses which are not individually hazardous; and, therefore, I think that
the lower levels of stress are of interest. Does that answer your question?

PRIVITZER, US: I may have misinterpreted that one slide, but it looked like the severity of ex-
posures decreases with the number of exposures., It seems that discomfort and severity should increase
with cumulative exposures.

BOWDEN (re BEEVIS and FORSHAW paper), CA: The slide is actually a graph from Allen's paper, and
it is the DRI index required to produce a given level of discomfort or injury as a function of the num-
ber of repetitions of the exposure to shocks of that DRI index. It is an hypothesis. I believe that
Allen extrapolated beyond the data for ejection, with a slope somewhat similar to that chosen for 150
2631; and this is very conjectural,
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SUMMARY

Compressive forces may play a role in the development of disc
degeneration. We measured the disc spaces on latereral x-rays of the lumbar
spine in fighter pilots with and without a history of sciatica, and compared
them to those of asymptomatic tramsport pilote. An arbitrary cutoff point for
‘normal' was defined and the proportion of each group with narrowed disc
spaces determined. Fighter pilots with a history of sciatica had a
significantly higher proportion of those with narrowed disc spaces than did
asymptomatic tramsport pilots. Fighter pilots without low back pain had an
intermediate proportion with narrowed disc spaces. We conclude that disc
degeneration may be accellerated by repeated Gz forces experienced by pilots
of fighter aircraft,

abbreviations: LBP = low back pain.

INTRODUCTION

We have recently reported that the prevalence of a history of LBP
unassoclated with flight was neerly identical in fighter, transport and
helicopter pilots(1). Fighter pilots however, had nearly twice the prevalence
of chronic pain, pain requiring bed rest and pain radiating to the leg in
comparison to transport and helicopter pilots. In the following report the
disc spaces measured on lateral x-rays of the lumbar spine were compared in
fighter pilots with and without sciatica, and in asyaptomatic transport
pllots, inorder to determine whether or not fighter pilots are at increased
risk for disc degeneration,

Methods

A questionnaire on low back pain on page-reader forms was administered to
373 fighter pilots, 165 transport pilots and 264 helicopter pilots. The
Pilots in each group were chosen at randos from those undergoing annual
physical examination and were age matched, Because of the tendency for pilots
to play down physical complaintas, they were asked to report any history of
either low back pain or discoafort, associated or temporally unasssociated
with flying. Sciatic pain was defined as pain that raediated to the leg.
Severity of pain was assessed by whether or not the pain radiated to the leg
(sciatica) and/or led to bed rest, or loss of flight time. In addition, pilots
were questioned about pain during and immediately after flight. They were
assured beforehand that their answers would not effect their flying status.
Statistical comparison was done by the chi-square test.

Lateral x-rays of the lumbar spine with the patient in the lateral
recumbent position with hips and knees flexed at (5 degrees were evaluated in
three groups of pilots; in 64 transport pilots and 58 fighter pilots who
denied & history of lov back pain, and in 33 fighter pilots who complained of
LBP radiating to the leg. All of the pilots were between the ages of 25 and 35
and had flown for at least 6 years. The films were taken at 100 ca-film-focus
distance and an 18 c» distance from the aid sagittal plane of the segment to
the film. The beam was centered on the body of L3.

The four "cornera" of the vertebral bodies were marked in order to
quantitatively determine the anterior and posterior disc heights. The
distences vere measured to the nearest 1 mm. The sacral angle vas measured as
described previously (2). An arbitrary cutoff point for "normal' wvas
detersined and the proportion of each group with narroved disc spaces was
detersined for L5-81, L4-L5 and L3-L4i. In addition the anterior border of L3
vas seasured to assure that the heights of the vertebras in the three groups
vere similar. The significance of differences vas deterained by the
chi-squared test and by Fisher's exact test when the numbers were small. A P
value of less than 0.05 was considered significant,
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*Table 1. The prevalence of a history of low back pain (LBP)
unassociated with flight.

type of aircraft fighter transport helicopter
number at risk 373 165 264

L8P (%)

discomfort 55(14.7) 18(10.9) 26( 9.8)
pain 94(25.2) 52(31.5) 70(26.5)
Total 149(39.9) 70(42.4) 96(36.4)

"With permission fros Aviation Space Environ Med (in preas) V57, 1986
RESULTS

We have shown that the prevalence of low back discomfort or pain
unrelated to flight was similar in all three groups of pilots (1)(Table 1).
Fighter pilots, however had nearly twice the prevalence of chronic pain and
pain radiating to the leg (Table 2). Also even though less pain during flight
was experienced by fighter pilots, more of those with pain had discomfort for
at least 24 hours after landing (Table 3)

*Table 2. The severity and chronicity of low back pain (LBP)
unassociated with flight.

Type of aircraft fighter transport helicopter
Number with LBP 94 52 70
Sciatica 25(25.5%*) 5(9.6) 9(12.9)
bedrest 24(25,5%%) 7(13.5) 8(11.4)
missed flight 29(30.9%*%) 7(13.5) 8(11.4)
duration over

one year 27(28.7%*) 5( 9.6) 11(15.7)

*With permission from Aviation Space Environ Med (in press) V57, 1985
*#3ignificantly more than transport and helicopter pilots (p & 0.03)

*Table 3. Low back pain during and immediately after flight.

Type of aircraft fighter transport helicopter

number at risk 373 165 264

Low back
discomfort 38(10.2) 21(12.7) 61(23.1%)
pain 48(12.9) 8( 4.8) 91(34.5*)
Total 86(23.1) 29(17.6) 152(57.6*)

Persistence of pain

or discoafort sore

than 24 hours in those 22(25,6**) 2( 6.9) 9( 5.9)
with LBP or discomfort

*With permission from Aviat Space Environ Med (in press) V57, 1986
*#3ignificantly more than the other two groups of pilots (p & 0.04)

Lateral x-rays revealed that 45.5% of the fighter pilots with sciatica
had narrowed disc spaces at L5-S1 measured posteriorly coampared to only 3.1%
in the control group (Table 4). Fighter pilots with sciatica had nearly twice
the frequency of narroved disc than did fighter pilots without LBP ( 45.5%
versus 25.9%, p & 0.06). A trend for an increased proportion of narrowed
discs 1in fighter pilots with sclatica was found for the L4i-L5 interspace as
well. Anterior measurements showed a similar trend which did not reach
statistiocal significance because of small numbers (Table 5). Sacral angles
were not significantly different when comparing the three groups of pilots
(Table 6). The anterior border of L3 vas similar in all three groups of pilots
(37.1 us in fighter pilots with sciatica, 37.0 mm in fighter pilots without
LBP, and 37.8 am in transport pilotas).
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Table 4. Posterior disc spaces in pllots with and without low back pain.

Fighter pilots transport pllote
Sciatica No LBP No LBP
No at risk 33 58 54
Disc space No(X) No(Z) #Ho (%)
L5-81 1 an 15(45.5)* 15(25.9)+* 2(3.1)
L4-L5 3 nn 11(33.3)* 14(24.1) 6(9.4)
L3-L4 3 mm 1( 2.1) 4( 6.9) 4(6.3)

#Significantly more than found in transport pilots, p « 0.004

Table 5. Anterior disc spaces in pilots with and without LBP

Fighter pilots Transport pilots
Sciatica No LBP No LBP
At risk 33 58 04
Disc spaces No(%) No(X) Fo(x)
L5-81 10 mm 4(12,1) 7(12.1) 4(6.3)
L4-LS 12 am 4(12.1) 8(13.8) 3(4.7)
L3-L4 10 mm 4(12.1) 7(12.1) 3(4.7)

DISCUSSION

The main finding in our study is that fighter pilote have an increased
prevalence of LBP with radiation to the leg and that this finding is
associated with narrower posterior disc apaces in comparisom to transport
pilots without LBP. The fact that fighter pilots without LBP also had narrowver
disc spaces suggests that this phenomonen is related to flight,

Our results should be interpreted with caution. There is conaiderable
intra-individual variation of disc space measurements because of both reader
judgement and orientation differences (3). This variation, however is only
likely to decrease real differences, In addition different flight profiles may
prevent extrapolation of our data to airforce personnel of other countries.
Studies therefore in other airforces are warrented to confirm our findings.

Recently Witt et al (4) found no difference in the prevalence of disc
degeneration in those with sciatica compared to those without LBP in those
over 40 years o0ld and only a emall insignificant difference noted in those
under 40. Their cohort, however included those between the ages 20 and 70, and
degeneration of the disc was not defined. The significant association we
observed between sciatica and narrowed disc spaces may have been due to the
fact that disc spaces were measured and that our study group was more
homogeneous in regards to age, body build and motivation. Other studies,
predominently of selected elderly patients have found an increased prevalence
of disc degeneration in those with sciatica compared to controls (5-8).

It is not suprising that helicopter pilote have the same prevalence of
LBP unassociated with flight as do fighter and transport pilots. Shanahan et
al (9) has shown that poor posture is primarily responsible for the back pain
experienced by helicopter pilots during flight. Under experimental conditions,
with pilots sitting in the usual position with their bodies bent forward and
leaning slightly to the left, the same pain was produced under vibrational and
non vibrational conditions. Furthermore, the only studies showing an
association between vibrational stress and LBP were either uncontrolled or
vhen a control group was available, the vibrational forces could not be
separated out from other associated stresses (10,11),

It appears therefore that fighter pilots are a group at increased risk
for more severe back problems. Anatomic studies have indicated that disc
degeneration begins in early life and is prevalent in young adults (12,13).
This process may be aggrevated by the repeated Gs forces experienced by pilots
of fighter aircraft. Careful follow-up of such pilots 1s warrented.
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Table 6. Sacral angle in pilots with and without LBP

Fighter pilots Transport pilote

sciatica No LBP No LBP
At risk (No) 33 58 64
Degrees No (%) Ho (%) No(X)
20-29 1(3.2) 6(10.3) 4(6.3)
30-39 10(32.3) 15(25.9) 18(28.1)
40-49 11(35.5) 22(37.9) 26(40.6)
50-59 6(19.4) 12(20.7) 9(14.1)
60+ 3( 9.7) 3( 5.2) 4( 6.3)

REFERENCES

1. Froom P, Barsilay J, Caine Y, Margaliot S, Forecast D, Gross M: Low back
pain in pilots. Aviat Space Environ Med. (accepted for publication).
2. Splithoff CA: Roentgenographic comparisos of patients with and without
backachea., JAMA 152:1610-1613, 1953,
3. Andersson GBT, Schults A, Nathan A, Irstam L: Roentgencgraphic measurement
of lumbar intervertebral disc height. Spine 631154-157, 1981.
4. Witt I, Vestergaard A, Rosenklint A: A comparative analysis of x-ray
findings of the lumbar spine in patients with and without lumbar pain .

Spine 9:298-300, 1984.
5. Nachemson A, Morris JM: In vivo measurements of intradiscal pressure:
Discometry a method for the deteramination of pressure in the lower lumbar
discs. J Bone Joint Surg 46-A31077-1092, 1964.
6. Brav BA, Bruck 8, Fruchter JM: Roentgenologic study of low back and sciatic
pain. Am J Roent 48139, 1942
7. Torgerson WR, Dotter WE: Comparative roentgenographic study of the
asysptomatic and symptomatic lumbar spine. The J Bone and Joint Surg 58-A:
850-853, 1976.
8. Volkenburg HA, Haanen HCM: The epidemiology of low back pain. 1Ins
Symposium on idiopataic lov back pain. White III AA, Gordon SL (eds)

C.V. Mosby Company, St. Louls,Toronto, and London. 1982, p9-22.
9. Shanahan DF, Reading TE: Helicopter pilot back pain: a preliminary etudy.
Aviat Space Environ Med. 55:117-121, 1984.
10. Tromp JDG: Driver's back pain and its prevention. A review of the
postural, vibratory and muscular factors, together with the problems of
transsitted road-shock. Applied Ergomomics 93207-214, 1978,
11. Frymoyer JW, Pope MH, Costanta MC, Rosen JC, Goggin JE, Wilson DG:
epidemiological studies of low-back pain. Spine 5:1419-423, 1980.
12, Farfan HF, Huberdeau RM, Dubow HI: Lumbar intervetebral disc degeneration.
post mortem study. J Bone Joint Surg 54:1492-510, 1972.
136 Coventry MB: Anatomy of the intervetebral ldisc. Clin Orthop 67:9-15,
1969.




-

A d 4

5A-1 -

RELATIONSEIP BETWEEN BACKACHE AND FLYING DUTY IN JBT-
AND PROP-PILOTS DEMONSTRATED BY A FLYING WING
by

BURMEISTER Konrad, M.D., LtCol, MC, and Wolfgang XK. THOMA, M.D., Maj, MC
German Air Force Institute of Aercespace Medicine
P.0. Box 1264/XFL, D-8080 Firstenfeldbruck, West-Gersany

SUMMARY

A questionnaire assessment was performed in a collective of 88 jet- and prop-pilots.
Approximately half of the pilots suffer from backache. A aignificant connection between the number
of flying hours, annual flying stress and sports activities can not be ascertained. The duration
of the sitting posture aand G-loads are subjectively classified as being the highsst body stress,
vhereas vibrations play a secondary role. The cold pilot's seat in winter and the uncemfortable
harness are objects of particular complaints. Concrete facts indicate that in an effort to avoid
vertebral pain the seat must be constructed in such a manner as to avoid excessive posterior
:0171. tilt. 50% of the pilots questioned are of the opinion that their flying duty causes health

smages.

PROBLEM

Lately the discussion about a connection between military flying duty and possidle vertedral
damages has increased. S0 far the interest was predominantly concentrated on the group of helicopter
pilots and on the question of premature attrition caused by increased vibrational stress (e.g.2,3,7).

The present study attempts in an informational vay to clarify, which importance should be attri-
buted to the prodblem of “"back pain" in jet and prop wings.
0f interest were frequency of back pain, its symptomatology, age distribution, flying strese
and clues pointing to possidle causes in connection with the flying duty. Moreover, the sudbjective
pilots'assessaent of certain workloads during flying duty had to be recorded.

The study was conducted as a questionnaire assessment in a collective of 88 pilots and weapon
system operators (WS80). It was comprised of 57 jet-pilots resp. WSO, 20 prop-pilots, and 11 pilots
flying jet as well as prop aircraft.

47 test persons of the collective were younger than 40 years, 41 subjects were 40 years or older.
The questionnaire consisted of 45 single questions, which in turn could be subdivided into a

total of 162 variables. In order to improve cooperation and to achieve greater franknees in answer-
ing the questions the assessaent was performed anonymously.

RESULTS

52.3 %, 1.0. approximately half of the collective questioned, states that they suffer from back
pain (Fig. 1). In prop-pilots the percentage is somevhat higher than in jet-pilots, but the differ-
ence is not significant,

As shown .in Fig. 2, the majority of complaints begins gradually and is only present part of the
time. While in prop-pilots there is also a certain percentage of prolonged pain, part of the jet-
pilots indicate a rather intermittent course. Dragging pain is more often found in prop-pilots,
wvhile jet-pilots shov a tendency for stabbing pain (Pig. 3). The differences may be attriduted to
the different operational profile between jet and prop. Both groups state that the complaints have
a predominantly dull character.

From the periocdic aeromedical examinations we know that in the wing concerned there were only
& cases in which a root compression could be clinically verified. This corresponds to a frequency
of about 3. Thus, ve think that the complaints encountered rather point to alterations in the
Joints of the vertedral arch and to suscular temsions.

Pig. & shows which factors cause unpleasant sensations for the pilots in flight.
Yor the prop-pilots questioned, the only problems are sitting- resjectively working-posture and
draught.
Ia contrast movements of the head under G-loads and the G-load per se have a greater importance
for jet-pilots. It is of interest to note that turbulences and vibrations are hardly considered
to de straining in both groups. Altogether the individual factors cause an increased amount of
wnpleasant sensations in the group with dack pain.

Bvery pilot questioned was asked for an assessment within a S-step graduation how atrongly he
foels stress by the factors of G-forces, vibration and duration of sitting during flight. The O-
score fheredy stands for a complete absence of any subjective strain, vhereas a score of 5 corre-
spoads to very high strain.

Nere it is of interest to note the high scoring of the duration of sitting in the jet- as well
as ia the prop-group (Fig. 5). The obvious difference in the assessment of the G-forces is due to
the different operational profiles.

It is surprising, howvever, that prop-pilots olassify vibrational stress sigaificantly lower then
the joet~pilots. Evideatly turbulences encountered in jet aircraft play a greater role than vibrations
due to prop-propulsion.
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The group having back pain does not significantly differ in its assessment frosm the group
vithout back pain (Fig. 6). There is, hovever, a distinct influence of the number of flying
hours (Fig. 7). Persons with a high number of flying hours assess G-forces and vibration signi-
ficantly lower than sudbjects having a low number of flying hours. This may be a kind of habitu-
ational effect. Such habituation, however, cam not be identified for the duration of sitting, we
rather note a amall increase. So thia again shows the importance of sitting posture for the pilots
independent of their flying experience.

The relatively high amount of uncomfortable sensations in comnection with the sitting posture
is obviously closely related to the seat comstruction. Fig. 8 illustrates the essential points
of criticism relating to the seat lay-out as stated by the pilots. Especially unpleasant sensations
are attridbuted to the cold seat during winter time, the uncomfortable harnese and the abaence of
upper thigh supports.

It is interesting that the factors "Upper Thigh Support", "Angle of Back Rest Inclination", and
"Lower Back Support" are definitely more often criticised by the group experiencing back pain. This
points to a certain interrelation. If the layout of these three factors is not appropriate an in-
creased tilt of the pelvis in the sitting posture will result. “his in turn causes partiel or com-

lete elimination of the lumbar lordosis and induces a higher strain of the dorso-lumbar region
see S and 6). The diagram reproduced refers to the ejection seat of a jet aircraft in the flying
wing investigated. As for propeller aircraft we vere not able to prove a similar interrelationship.
That sitting posture independent of specific workload plays a key role vith respect to back pain
is shown in Fig. 10. Nearly all pilots with back pain also have these complaints when driving a
car. Contrary to this, pilots free of pain alsoc normally have no complaints vhilst driving.
We were also interested to find out to what extent the frequency of back pain depends on the
amount of flying hours.
As showvn in Fig. 11 pilots with back pain have significantly higher flying hours than pilots with-
out back pain. The frequency distribution as a function of flying hours is represented in Fig.12.

However, pilots having back pain are also older on the average than pain-free pilots. We
suppose that this might essentially be attributed to physiological wear with ageing(Fig. 13).
Fig. 14 shows the frequency distribution found im our collective.

Since the numbdber of flying hours also depends on age, we had to find a procedure which would
eliminate the influence of age.

To this end wve first considered the dependence of flying hours from the view point of age.
Every dot in Fig. 15 represents the flying hours of a single pilot in relationship to his age.
The regression line indicated illustrates the functional correlation between both parameters. Thus,
ve were able to predict the average flying hours in our collective relating to each age. The
distance of one dot from the astraight line is an indication, how much the number of flying hours
of a pilot is above or below the average flying hours of his age group. Now, wvhen comparing the
group located above the average with the group situated below the average, there is no longer a
significant difference with respect to the frequency of back pain (Fig.16). This means, that
the originally found relationship is only due to age and is generated by the fact that the parame-
ters "Flying Hours" and "Frequency of Back Pain" are simultanecusly correlated with age (8).
This is again illustrated in a different vay in Fig.17. When sudbdividing the entire collective
into age categories of about the seme sisze and when comparing the groups with and without back
pain with respect to their number of flying hours within these categories, no significant differ-
ence is found in five of the six categories. There is only a significant difference in the age
category between 26 and 30 years which, however, may not be overinterpreted because of the very
low case nusber in this category (n = 11),

Another possibility to eliminate the "Age" parameter is to consider the flying hour stress
per year and not the absolute number of flying hours. The straight lines drawn in Fig. 18
represent the annual flying hours stress separately for the group with and without back pain.
Again no essential difference is found between both groups.

Now, 7ig.19 shows a number of other factors which might possibly have an influence on the
frequency of back pain. We were unadble to find any significant correlation between the frequency
of back pain and these factors in our collective. Sports activities are illustrated in detail in
Fig. 20. As can be seen, there is no single sporting activity showing a significant difference
between the number of pilots with and without back pain, Hence, it must be assumed that sports
activities presently practiced in the exasined collective obviously have no detrimental effects
on the back nor can they be considered as a suitable prophylactic measure against back pain.

Tinally we were interested in the attitude the pilots have relating to the question of possible
health damages as a result of flying duties. As shown in Fig. 21 exactly half of the pilots
questioned have the impression, that such noxious effects are present. We could not prove signi-
ficant differences between the jet- and prop-group, however, distinctly detween the groups with
and without back pain (Pig. 22).

Ve searched for possidble causes for this opinion (Fig.23). In doing so it is interesting to
note that no connection can be construed with the majority of factors, which, according to our
assessment constitute the essential causes for uncomfortadle sensations in flight. Finally, a
noxious effect is only attributed to G-forces and the stress caused dy duration of sitting.

The question, whether they would still choose a flying career if they had to make the decision
again vas ansvered in the affirmative by 92.9% of the pilots without pain but only by 87% of the
pilots with pain (Fig. 24). While the difference is not statistically significant, a certain ten-
dency is nevertheless evident.
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CONCLUSIONS

1. A causal comnection between frequency of back pain and flying hours stress can not be
verified,

2. The frequency of back pain is distinctly age-dependent and hence may be traced to completely
norsal signs of attrition of the ageing process.

3. Back pain constitutes a considerable subjective impairment not only for helicopter pilots
but also for jet- and prop-pilots. The frequeancy of eo-?hi.nt- of 47.4% found in jet-pilots
lies above the value of approximately 30% krown 20 far (1,4). This may be due to the fact
that former studies did not differentiate between pilots with a purely reconnaissance mission
and pilots having a combat mission. To obtain expressive results future studies will have to
consider the mission profiles.

4, The sitting posture is one of the most important stress factors on the body. As part of the
design of pilots seats all conceiveable measures should be taken which are appropriate to
avoid an unstable spinal posture. In particular a too strong pelvis tilt to the rear should
be prevented in order to reduce static muscle vork and strain on intervertedral disks to a
ninisum.

5. A fitness and compensation sports training depending on the flying assignment should be deve-
loped for the individual pilot groups. In this context the specific strain on the spinal
column should be considered to initiate physical training methods which ars actually suitable
and through which we can achieve a significant reduction of the frequency of back pain.

6. When investigating the connection between flying stress and damages to the spine the age
factor must be eliminated through a procedure, e.g. as applied by us, since otherwise
strongly misleading results are obtained. J

7+ As soon as verified results on a more or less possible interrslationship between flying
stress and spinal damages are available, detailed and realistic information should be passed
on to pilots. This is very important because of the fact that at the present time there is a
widespread negative attitude concerning the problem of possible health damages. And this may
have an essential impairsent on flying motivation.
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DISCUSSION

KLAVENESS, NO: Did you consider whether or not back pain in your pilcts was related to flying?

THOMA, GE: Our question was "To what extent did backache occur during flight or in relation to a
particular flying wission?” wWe will extend our studies in the future and make the yuestion more speci-
fic, so that we will get information about pain during flight) especially that pain which may impair
concentration or reduce the assurance of completing a mission. Por this atudy, we did not ask gues-
tions in a very detailed manner.

KLAVENESS, NO: 8o the figures that you presented relate to all types orf back pain, flying and
non-flying?

THOMA, GE: Yes, most of the pilots experiencing back pain stated that they had pain pre-
dominantly in the lumbar region.

KLAVENESS, NO: You have answered my question. 1In the case of the jet pilots, what aircraft were
they flying and what ejection seats were fitted into these aircrafts?

THOMA, GE: 1It's a very small aircraft. It's called the Alpha jet and it's an aircraft for
training young students who have returned from their initial flight training in the USA and are now ob-
taining some specialization in Buropean airspace. The prop planes were the Piaggio 149 and the Dornier
28,
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BACK DISCOMFORT IN U.S. ARMY HELICOPTER AIRCREW MEMBERS
by
Dennis F. Shanahan, MAJ, MC, U.S. Army
George R. Mastroianni, CPT, MS, U.S. Army
Thomas E. Reading, LCDR, MSC, U.S. Navy
U.S. Army Aeromedical Research Laboratory
P. O. Box 577
Fort Rucker, Alabama 36362-5000
U.S.A.

SUMMARY

The relationship of back discomfort to military helicopter flight operations
was studied in this questionnaire survey of 802 U.S. Army helicopter pilots. Of
the surveyed population, 584 (72.8%) pilots reported experiencing back discomfort
while flying over the last two years. The discomfort generally was described as
a dull ache confined to the lower back, with a mean onset time of 88 minutes into
a mission. The relationship of reporting the pain to physical characteristics, past
medical history, physical activity, and aviation experience is discussed. For over
half of the respondents (50.1%), the pain was transient (less than 24 hours dura-
tion), resolving rapidly after discontinuing a provoking flight. Nevertheless, there
was a significant number of aviators who reported persistent symptoms lasting over
48 hours (14.5%). Possible etiologies of the pain for both groups, as well as poten-
tial methods of prevention are discussed. :

A high incidence of back pain in helicopter flight crews has been documented
in numerocus studies, primarily by European authors over the last 25 years (Delahaye,
1982; Fitzgerald, 1968; Fitzgerald, 1972; Gearhart, 1978; Rance, 1974; Schulte-Wintrop,
1978; Sliosberg, 1962). Incidences have varied widely in these reports apparently
depending on the population studied, sample size, and the type and duration of mis-
sions typically flown by the sample population.

The U.S. Army operates the largest helicopter fleet in the free world, and Army
flight surgeons long have suspected that a large proportion of Army helicopter pilots
complain of back pain associated with their flying duties. If, in fact, a large
proportion of Army pilots suffer from back pain while flying or as a result of fly-
ing, this pain could be having a significant impact on aviation operational readiness,
effectiveness, and flight safety. Consequently, a questionnaire survey of Army heli-
copter pilots was conducted to determine the extent of the problem, the nature of
the pilots' complaints, and associated risk factors.

MATERIALS AND METHODS

A 33-question survey was prepared which covered various aspects of pilots' med-
ical history, aviation experience, and social history. It also sought responses
as to whether or not pilots had experienced back discomfort while flying at any time
during the preceding two years. For those who answered affirmatively, more details
were sought about frequency of occurrence, initial onset, duration of symptoms, in-
tensity of discomfort, location of discomfort, radiation of symptoms, and the extent
such symptoms were related to various aircraft types.

A cover letter attached to each questionnaire requested cooperation and guaran-
teed each respondent anonymity. The questionnaires were sent to four U.S. Army avi-
ation installations where a previously-briefed individual administered the survey.
This individual was either a flight surgeon or an aviation safety officer who was
instructed to conduct the survey during a regularly-scheduled aviation safety brief-
ing. To avoid generating unnecessary adverse reaction toward the survey, pilots
were not assembled specifically to answer the questionnaire. Respondents received
no instructions other than those contained in the cover letteir and the questionnaire
itself. The pilots were requested to turn in a blank questionnaire if they did not
feel they could answer the questions fully and honestly. The questionnaire required
10 to 15 minutes.

Completed questionnaires were returned to the authors and each response coded.
Data analysis was done with a VAX 11/780 computer using the Statistical Package for
the Social Sciences (SPSS) computer program (Nie, 1975). For continuous variables
whose distribution was reasonably normal, such as respondent age, height, and weight,
t-tests were performed. Kolmolgorov-Smirnov tests were used for variables whose
distributions departed markedly from normal. This was the case for measures of flight
experience which were extremely positively skewed. Responses requiring only frequency
or classification analysis were analyzed using chi-square tests.

RESULTS

Of 1,100 questionnaires mailed to the four Army installations, 802 completed
questionnaires were returned for a 72.9 percent response rate. Of the 802 respondents,
584 (72.8%) reported they had experienced one or more episodes of "back discomfort"
while flying helicopters over the last two years, while 218 (27.2%) denied having
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problems. These two groups formed the basis of this study and are referred to as
the "pain" and "no pain" groups respectively.

Table I summarizes the means (1 S.D.) for the age, height, weight, waist, flight
hours, and years flight experience for both groups. There were no significant differ-
ences in these characteristics between the groups except for total rotary-wing flight
hours.

TABLE I

GENERAL PILOT CHARACTERISTICS (MEAN %S.D.)
FOR PAIN AND NO PAIN GROUPS

Pain No Pain p-Value
Age (Years) 30.8 (26.3) 31.3 (+6.3) 0.283
Height (inches) 70.5 (£3.2) 70.8 (£3.8) 0.241
Weight (pounds) 174.1 (£20.0) 174.3 (£20.2) 0.889
Waist (inches) 33.4 (£3.4) 34.4 (t8.6) 0.654
Years Flight 6.9 (£6.0) 6.8 (26.0) 0.436
Total Flight Hours 2107.3 (+2687.6) 1728.9 ($2135.3) 0.747
Fixed-Wing Hours 593.2 ($1507.7) 654.7 (%2466.9) 0.970
Rotary-Wing Hours 1824.8 (11977.8) 1491.7 (%1772.0) 0.0001

The history of sports participation and other physical activities, during adoles-
cence and currently, was compared for the pain and no pain groups. There was no
association between the reporting of pain during flight and participation in any
particular sport or physical activity, either previously or currently. To compare
the two extremes of physical activity, those who had reported that they had never
participated in any sports or physical activities were compared with those who re-
ported that they currently participated in three or more sports or physical activities.
There was no significant difference between these two groups in the reporting of
pain while flying. Similarly, there also was no statistical difference in the self-
reported physical condition between the pain and no pain groups (Table II).

TABLE I1I

SELF-REPORTED PHYSICAL CONDITION FOR
PAIN AND NO PAIN GROUPS

Excellent Good Poor
Pain 236 338 6

(40.7%) (58.3%) (1.0%)
No Pain 103 113 0

(47.7%) (52.3%) (0%)

p >0.05

Previous medical history and its relationship to the reporting of back discomfort
during flight also was explored. It was interesting that reporting a "previous back
problem” was not associated significantly with experiencing pain during flight (Table
III), while there was a highly significant association (p <0.0025) of a "previous
back injury with symptoms lasting longer than 24 hours" with the reporting of pain
while flying (Table III). Not surprisingly, pilots having sought medical attention
for a back problem (p <0.001) and those having missed work because of a back problem
(p <0.025) also were significantly associated with the reporting of pain while flying.
Only 14.4 percent of the pain group attributed symptoms to a specific past injury, and
2.2 percent of them reported they required a medical waiver to remain on flight status.
There was no association between reported smoking history, either in terms of whether
a respondent smoked or not or total pack-years, and the occurrence of back pain.

An attempt was made to characterize symptoms reported by the 584 aviators who
reported back discomfort while flying. Figure )l depicts where the discomfort most
frequently occurred for each individual. Seventy percent of respondents most fre-
quently experienced discomfort in the lower back. Discomfort in the buttocks (16.6%)
was the next most frequently reported region, while relatively few pilots reported




symptoms in other regions.

Numbness in the legs was a frequent occurrence (34.4%),

while only 4.3 percent of the pain group noted episodes of numbness in the arms.
Respondents were asked to rate the intensity of the discomfort they experienced on
a scale of one to nine, with one representing no pain and nine representing excruciating

pain.

was three with a mean response of 4.2.
can be characterized as mild-to-moderate.
during which the respondents experienced symptoms.

Figure 2 shows a frequency distribution of their responses.
Therefore, the pain most pilots reported
Figure 3 depicts the frequency of flights
There is a wide variation in

The modal intensity

reported frequencies and only 26 percent of respondents reported back pain symptoms

on more than 50 percent of their flights.

An observation that probably relates to

this finding is that the mean duration of flight required to produce symptoms in
Pilots were asked to rate the different types of

the pain group was 88 minutes.
aircraft they had flown as to their propensity to cause them back discomfort.

Analysis

of these data failed to show any significant association of the reporting of pain
with any particular aircraft type.

TABLE IIIX

RELATIONSHIP OF PAST MEDICAL HISTORY
TO THE REPORTING OF BACK PAIN DURING FLIGHT

Previous Back

Previous Back

Sought Medical

Lost Work
Because of

Problems Injury Advice Back Pain
Yes No Yes No Yes No Yes No
Pain 81 503 224 360 228 356 126 458
(13.9%) (86.1%) (38.4%) (61.6%) (39.0%) (61.0%) (21.6%) (78.4%)
No Pain 40 178 58 160 54 164 31 187
(18.2%) (81.8%) (26.6%8) (73.4%) (24.8%) (75.2%) (14.2%8) (85.8%)
p >0.05 p <0.005 p <0.001 p <0.0S
75
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Figure 1. Histogram depicting where back discomfort most frequently occurred
for each respondent who reported experiencing back discomfort during flight.
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Figure 2. Histogram depicting the intensity of pain reported by respondents
in the pain group. 1 = no pain; 9 = excruciating pain.
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Pigure 3. Histogram depicting percentage of missions during which each
respondent in the pain group reported experiencing back discomfort.




The questionnaire required responses to a series of questions of how afflicted
aviators tried to alleviate their symptoms. The results are summarized in Table 1V,
It is interesting that 28.4 percent admitted to rushing through one or more missions
due to their back pain and 7.5 percent said they had refused a mission because of
back pain. Most pilots (83.5%) said they frequently shifted their sitting positions,
and about a third (32.7%) relinquished the controls to a copilot to help alleviate
their pain. Additionally, 27.8 percent of the respondents reported they used an
extra seat or lumbar cushion, and 22.9 percent stated they loosened their lap belts
to help relieve discomfort.

TABLE IV
METHODS EMPLOYED TO ALLEVIATE SYMPTOMS

No. of Respondents (%)%

Extra Seat Cushion 64 (11.0%)
Lumbar Pad 90 (16.8%)
Loosen Seatbelt 134 (22.9%)
Relinquish Controls to Copilot 191 (32.7%)
Rush Missions 166 ({28.4%)
Refuse Missions 44 (7.5%)

* Represents percentage of the total pain group of 584 respon-
dents. One individual may have employed several methods to
alleviate his symptoms.

Another factor considered was the time in terms of total flight hours, that
each pilot in the pain group first noted the onset of symptoms. Significantly, one-
third of the aviators initially noted symptoms within their first 100 hours of flight
and over half had symptoms by 300 hours (Figure 4). Pilots were asked to estimate
how long their symptoms persisted after the end of a typical flight in which they
became symptomatic. Fiqure 5 is a plot of the proportion of pilots remaining symp-
tomatic versus hours postflight. It should be noted that symptoms are relatively
transient for the majority of afflicted pilots. Half of the pilots were asymptomatic
by 10 hours and only about one-third remained symptomatic longer than 24 hours. Never-
theless, there was a small group of pilots whose symptoms tended to persist several
days. Approximately 14.5 percent remained symptomatic at 48 hours, and 8 percent
reported they typically remained symptomatic over four days postflight.
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Pigure 4. Graph showing the relationship between total flight hours and the
initial onset of back symptoms for pilots who reported experiencing back dis-
comfort during flight.
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Figure 5. Graph showing the duration of symptoms in hours postflight versus
the percentage of respondents remaining symptomatic.

The pilots reporting transient symptoms, defined as less than 24 hours, were
compared with the group that reported persistent symptoms, defined as greater than
48 hours. This was done to detect systematic differences between the two groups
that could lead to the identification of risk factors for having persistent symptoms.
There were no significant differences in age, physical characteristics, or physical
condition for the groups. Also, there was no significant difference in the time
of initial onset of symptoms. Although the differences were not significant, the
persistent pain group showed a slight tendency toward having more years on flight
status (p = 0.056) than the transient group. However, the most distinct differences
between the transient pain group and the persistent pain group were in the frequency
and degree of symptoms they reported. The persistent pain group had symptoms more
often (p <0.01) and the intensity of the pain was significantly greater (p <0.001)},
than the transient symptom group. Similarly, the persistent pain group sought medical
advice more frequently (p <0.001), refused missions more often (p <0.001), and rushed
through missions more often (p <0.001) than did the transient pain group. The per-
sistent pain group also reported a higher rate of previous iniury (p <0.001), a higher
prevalence of leg numbness (p <0.01), and a higher prevalence of pilots flying with
a medical waiver (p <0.02).

DISCUSSION

The high prevalence of back pain (72.8%) in this survey of 802 U.S. Army heli-
copter pilots is reasonably consistent with findings in surveys of European military
helicopter aircrews (Delahaye, 1982; Fitzgerald, 1968; Fitzgerald, 1972; Sliosberg,
1962). However this rate represents a dramatic departure from the prevalence of
back pain reported in the general population where rates are considerably less than
30 percent (Svensson, 1983; Svensson, 1982). Consequently, there appears to be a
marked association between helicopter flying and the occurrence of back pain in air-
crews.

Despite the high prevalence of back symptoms in the population studied, nearly
a third of the respondents denied ever experiencing back discomfort while flying.
This group was compared to the pain group to try to identify potential risk factors
for developing back pain while flying. The only positively correlated factors identi-
fied were having had a previous back injury with symptoms lasting longer than 24 hours,
having sought medical attention for a back ailment, and having missed work due to
a back ailment. The pain group also had significantly more rotary-wing flight hours.
Age, physical characteristics, total flight hours, years on flight status, sports
participation, self-reported physical condition, smoking history, and having previous
back problems were not associated with a statistically higher risk for experiencing
back problems as has been shown in other studies (Delahaye, 1982; Fitzgerald, 1968;
Pitzgerald, 1972; Frymoyer, 1978; Frymoyer, 1983; Gearhart, 1978; Sliosberg, 1962;
Svensson, 1982; White, 1982). Clearly, there are other risk factors, which this
survey failed to identify, that determine whether a particular individual will be
subject to back discomfort while flying helicopters.
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The typical pain syndrome described by pilots responding to the survey was a
dull ache confined to the lower back that appeared about 88 minutes into a mission.
The pain increased slowly as the flight progressed and was not reduced by shifting
position or relinquishing the controls to a copilot. For most respondents, the pain
only began to subside upon termination of the flight. The onset of pain appears
to be a threshold phenomenon requiring a certain duration mission before symptoms
appear for a specific individual. Since a large proportion of missions are shorter
than the mean onset time of 88 minutes, afflicted aviators will not necessarily ex-
perience symptoms on every flight. This may explain the wide variation in reported
frequency of symptoms (Figure 3).

The intensity of pain noted by afflicted aviators on a digital pain scale (Figure
2) can, in general, be described as mild-to-moderate. However, the pain was suffi-
ciently intense for many aviators to have had an adverse effect on their performance
(Table IV). It is rather disturbing that 28.4 percent of afflicted aviators admitted
to rushing through missions because of back pain, and 7.5 percent admitted actually
refusing missions because of pain. Either situation has a potentially adverse impact
on mission accomplishment, and the former can adversely affect safety. FPurthermore,
these figures are probably somewhat conservative since most aviators would have been
reluctant to admit refusing or rushing missions, even in a confidential survey.

Although Sliosberg {(1962) and Delahaye and Auffret (1982) reported pilots did
not experience initial onset of back symptoms until they exceeded 300 hours of flight
time, a significant number of U.S. Army aviators reported the onset of symptoms within
their first few hours of flight (Figure 4). 1Indeed, 50.1 percent of those who reported
symptoms said that their symptoms appeared at less than 300 hours. The reason for
this discrepancy is not clear, but probably relates to differences in the populations
studied. This survey studied a considerably larger number of individuals and did
not confine itself to any specific group of aviators. Pilots were sampled at differ-
ent levels of experience, including student pilots, and in many different types of
units. No other previous study we know of has surveyed such a diversity of pilots.

One of this survey's more interesting aspects was the finding that the pain
reported by the pain group was very transient, lasting less than 24 hours for more
than two-thirds of the group (Figure 5). For most pilots, episodes of back pain
were induced only by flying helicopters, and the symptoms tended to begin resolving
rapidly after ending a flight. Clearly, for these individuals, there is something
very specific to the helicopter flying environment that induces their symptoms.
Historically, the two factors most widely implicated in the etiology of helicopter
back pain have been vibration and the poor ergonomic design of most helicopter cockpits
(Delahaye, 1982; Fitzgerald, 1968; Fitzgerald, 1972; Gearhart, 1978; Rance, 1974;
Shanahan, 1984a; Shanahan, 1984b; Sliosberg, "1962).

It is well documented in the aeromedical literature that most helicopters subject
their occupants to vibration that coincides with the resonant frequency of the human
spinal system (Delahaye, 1982; Gearhart, 1978; Shanahan, 1984b; Wilder, 1982). Re-
peated exposures to such conditions have been speculated to cause microtrauma to
the spinal system that eventually leads to back pain. That a large proportion of
pilots experience back pain within the first few hours of flying helicopters tends
to argue against this theory. Furthermore, work by Shanahan and Reading (1984a) using
helicopter cockpit mockups on vibration tables has shown the presence or absence
of helicopter-similar vibration had no influence on the time of onset of pain or
on pain intensity for subjects exposed to these conditions. Subjects complained
of pain during a two-hour "flight" regardless of whether vibration was present or
not. In a similar study, Pope and co-workers (personal communication) found that
all their subjects reported back pain when exposed to a two-hour "flight" in a heli-
copter cockpit mockup, and the subjects actually reported less pain when exposed
to helicopter-similar vibration than when subjected to the static condition. Further-
more, the subjects used by Pope and co-workers were students who had neither reported
previous episodes of back pain nor had they ever flown helicopters. Consequently,
it appears that vibration plays a very small role in the etiology of the acute and
transient back pain the majority of afflicted aviators in this study reported.

The more likely etiological factor in this syndrome is posture. That posture
can be the source of low back pain has been suggested by several researchers. Magora
(1972) has shown occupations that force workers to sit for prolonged periods or those
that involve almost no sitting had a high incidence of low back pain. Keegan (1953)
pointed out that the sitting position without adequate lumbar support and a trunk-
thigh angle of less than 105 degrees causes a considerable flattening of the normal
lumbar lordosis. This flattening creates stresses which probably cause pain, espe-
cially for persons with underlying spinal pathology. Andersson and co-workers (1979,
1977, 1974) have made quantitative measurements of intradiscal pressure in the lumbar
spine and the myoelectric activity of back muscles for various postures. They found
lumbar intradiscal pressure was highest for unsupported sitting with the spine flexed
anteriorly. Likewise, myoelectric activity increased with forward flexion of the
spine and asymmetric loading for a constant degree of spinal flexion. They concluded
increased myoelectric activity was indicative of localized muscle fatigue (Andersson,
1977).

The ergonomic design of most helicopter cockpits forces the pilot to assume
a slumped and asymmetrical posture to operate the controls (Figure 6). This posture
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must be maintained throughout the flight since full aircraft control requires simul~-
taneous input from all four extremities. Furthermore, most U.S. Army helicopter
seats have back angles of less than 105 degrees and provide little or no lumbar sup-
port. Consequently, the position pilots assume to fly a helicopter is completely
contrary to the ergonomic principles discussed here. The forward flexed, asymmetrical
posture most pilots assume causes a flattening of the normal lumbar lordosis and
creates high intradiscal pressures and increased myoelectric activity of the para-
spinous musculature. Based on these observations, it is not surprising to find a
high prevalence of back complaints from helicopter aviators. Although poor posture
alone can cause pain, it is important to consider that this postural condition may

be aggravated over the long term by the concomitant exposure to vibration that coin-
cides with the resonant frequency of the spinal system. The combination of these
factors over time may act synergistically to cause pathological changes in the spinal
system. However, to determine the relative effect of these two factors will require
further laboratory and epidemiological studies.

Figure 6. Pilot seated at
controls of UH-1H helicopter.
Note the flexion of the
lumbar and thoracic spine

as he leans forward to rest
his right forearm on his
right thigh.

This discussion has confined itself to those aviators who reported relatively
transient symptoms that tended to resolve rapidly after terminating flight. Neverthe-
less, there was a significant number of afflicted aviators who reported much more
persistent symptoms. It was shown that the aviator group who experienced symptoms
lasting longer than 48 hours tended to have more years on flight status than the
transient pain group. Their symptoms also appeared to be more frequent and severe
and they reported a much higher incidence of numbness of the legs associated with
their pain. 1In general, the persistent pain group complained of symptomatology that
is much more typical of the patients described in most clinical studies of low back
pain (Roland, 1983). It is tempting to speculate the transient group represents
a group with essentially normal spines that are reacting appropriately to a rather
provocative postural stimulus. Consequently, they only experience pain while flying
and their symptoms resolve rapidly after ending a flight. It is possible repeated
exposure to these conditions leads to pathological changes in the spine that account
for the more severe symptoms experienced by the persistent pain group. Unfortunately,
this study did not determine whether they initially experienced transient symptoms
early in their aviation careers and progressed to their present state after several
years exposure to helicopter flight. Nevertheless, it is an intriguing possibility
that would be worthy of exploration in future studies. Another possibility is they
had some preexisting spinal pathology, either congenital or traumatic, that made
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them more susceptible to the stimulus of flying helicopters. This theory is supported
somewhat since the persistent pain group reported a significantly higher rate of
previous back injury than the transient pain group (p <0.00l1). In either case, this
group deserves further identification and evaluation.

In this study, we have demonstrated that back pain in U.S. Army helicopter pilots
is extremely widespread and apparently has a significant negative influence on safety
and mission accomplishment. Although this affliction has been known and well described
in the literature over the last two to three decades, very little has been done to
correct it. Much effort has been expended toward reducing vibration in helicopter
designs during this time because of its deleterious effects on the airframe and its
various mechanical and electrical systems. But, the vibration reduction has had
little or no effect on reducing the incidence of back pain in helicopter pilots. 1In
our opinion, a significant reduction in the incidence of back problems in helicopter
aircrew members will not be achieved until helicopter seating and control configura-
tions are designed to established ergonomic principles.
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MUSCULO-SKELETAL ILLNESSES AMONG WORKERS EXPOSED TO
LOW-INTENSITY WORK LOAD OF LONG DURATION

by

R.H. Westgaard, T. Jansen, R. Bjorklund and M. Waersted
Institute of Work Physiology,
Gydas Vei 8, Oslo, 3, Norway

Summary

Low-level, continucus muscle load of long duration has received increasing attention as

a potential source of musculo-skeletal injury. This paper presents evidence which indi-
cate a quantitative relationship between the level of static load on shoulder muscles

and the risk of developing musculo-skeletal illnesses in the shoulder and neck. Constrained
working postures are probably the most frequent cause of low-level, continuous muscle

load, but such loads may also develop for other reasons as illustrated by an example

of a probable stress-related development of muscle tension. It is pointed out that air-
craft pilots are exposed to a number of factors which can contribute to the development

of muscle tension. Low-level muscle tension may therefore be an important health

problem for this profession, but this remains to be demonstrated in more specific projects.

Introduction

Work-related back pain is traditionally associated with high peak loads on the spine,
such as in the lifting of heavy objects. The intervertebral disk may collapse, or other
structures of the spine may be strained in such a way that pain is occurring. For
specialized groups such as aircraft pilots vibration with its effect on the spine is
another risk factor. A third potential source of back problems is low-level, continuous
load of long duration.

Low-level loads have traditionally not been considered a risk factor for back injury,
perhaps because the combination of load intensity and duration in the past rarely
exceeded a tolerable strain level for most occupations. More recently, constrained
working postures and thereby low-level continuous muscle load has received increasing
attention as a source of musculo-skeletal injuries (1,2,3,4,5). This may be due to an
increasing demand for work efficiency, which for some occupations translate into hours
of continuous muscle load. This kind of load may affect muscles in the lumbar region,
and thereby contribute to low back pain, but is probably more of a problem for muscles
in high back, neck and shoulders.

While it is becoming generally accepted that low-level, continuous muscle load is a
considerable problem in many work situations, little is known regarding acceptable
levels of load, individual risk factors for the development of such injuries and the
underlying pathophysiological processes translating long term load into muscle pain
and musculo-skeletal illness.

Methods and material

Work has been in progress for several years at the Institute of Work Physiology,

trying to answer some of these queries, and in particular what may be considered an
acceptable level of load. Muscle load is measured by surface electromyography. The
calibration of the EMG signal relative to muscle force follows largely the procedure of
Jonsson (6). Health consequences of such loads are assessed in terms of the rate of
recorded sick leaves due to musculo-skeletal illnesses in identified groups of workers.
All workers within the same group have similar work situations and thereby, hopefully,
similar load on selected muscles.

Medical diagnoses associated with the gsick leaves were collected from local health
authorities and general practitioners. Musculo-skeletal illnesses like myalgia,
tendonitis, low back pain, ischiadis, tendovaginitis etc. were included in the material,
whereas illnesses like arthritis which are not considered to be developing as a conse-~
quence of muscle load, were excluded from the analysis of possible, work-related
musculo-skeletal illnesses.

The common denominator of this class of illnesses is that the patient is suffering from

a high level of pain. The recording of a musculo-skeletal sick leave is interpreted to
indicate that the patient has experienced an episode of pain of sufficient intensity

and duration to visit a doctor. The doctor has then agreed that the patient had this
medical condition and was unable to work. This is the underlying basis of the statistical
analysis, and the only other information used is the location of the illness on the body.
Considerable effort has gone into contacting general practitioners to establish the body
location of the injury if this was not clear from the first diagnosis.

It is necessary to accept a certain uncertainty in the classification of the illnesses,
but this uncertainty is likely to be small. A few sick leaves may have received a
"relevant® diagnosis which is not correct even by the relatively coarse classification
used, and the opposite is also possible. In addition, we have been unable to identify
diagnoses in the case of about 5% of all sick leaves, making it likely that our data
represent a low estimate of the problem, especially since interviews have established




7-2

that some workers continue to work while experiencing very high levels of pain.
RESULTS

Muscle load due to constrained working postures

Three projects have been carried out where the workers are shown to maintain a steady
muscle load throughout the working day. The projects are based on groups of female
workers doing electromechanical assembly work, sewing or service work on North Sea oil
platforms. In all projects, particular attention was given to load on the trapezius
muscles.
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:%m Fig. 1
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Fig. 1 shows 4 examples of load on the upper trapezius muscle while cleaning cabines on
a North Sea o0il platform. The data were collected from 4 different female workers. For
each worker the recording from either the right or the left trapezius which showed the
highest muscle load, was selected. Each point in the 4 recordings represents mean

muscle force in an interval of one second, as a percentage of maximal voluntary
contraction (MVC). The points are plotted consecutively to show variations in load
throughout the recording period, which lasted from 1 hour 1 minute to 1 hour 42 minutes.

In Fig. 1A to 1C points near 0% MVC are present all the time. There are also short
periods of relatively high muscle load, near 50% MVC, at irregular intervals throughout
the recording period, but median muscle load is very low all the time. Fig. 1D shows a
recording where the muscle load remains larger than zero for periods of a few minutes.
This is seen as unmarked patches underneath the band of points which indicate the
variation in muscle load. The load on the trapezius muscle must be considered intermittent
even for this worker, since the periods with low static load are very short. This work
situation can therefore be considered to create a low-intensity, intermittent load on the
main shoulder muscles. However, continuous monitoring of activity through heart rate

and activity log showed that this work pattern might be sustained for several hours
without any breaks, for a total of 8 hours throughout the 12 hour working day.

Fig. 2 shows load on the trapezius muscle of 4 sewers. The figure is similar to Fig. 1,
except that each worker did two different sewing operations during the recording period.
One sewing operations is represented in all 4 recordings, the other operations are all
different. The muscle load does not change much when changing to a different sewing
operation, except for the example in Fig. 2C where the last operation, using a semi-
automatic machine, clearly is less demanding. However, this particular operation only
employs one of about 80 sewers at any time.

It is apparent that the band of points which indicate load on the trapezius is shifted
away from zero load for all recordings in Fig. 2. The muscles are always working,
except in short periods when a set number of garments are finished. The finished
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garments are moved to a store and a new lot prepared for sewing. This part of the work
cyclus with long periods of static load on the trapezius, interrupted by short pauses,
are particularly noticeable in Fig. 2C where the breaks in muscle load are marked by an
arrow. These breaks are obviously important, but the long periods with static load may
nevertheless be considered the dominant feature of the work pattern. The quantification
of muscle load was therefore based on periods with static work load, as indicated by
horizontal bars on top of each panel. The bars show recording periods used in the
quantitative analysis.

The results of the quantitative analysis of work load on the trapezius for the service
workers on the o0il platforms and the sewers are shown in Fig. 3. The figure shows

static work load (6) on the trapezius for 9 recordings from 9 different service workers
(A), and for 25 recordings of sewing operations by 15 sewers (B). Median static work
load on these muscles are 1.1% MVC for the service workers and 5.8% MVC for the sewers.
Most sewers work with a static muscle load varying between 3 and 9% MVC. Thus, there is
a very clear statistically significant difference in work load on the trapezius between
the two groups of female workers.

The work load in a third work siutation, assembling parts to telephone exchanges, has
not been analysed quantitatively to the same extent as the above work situations, but
inspection of individual recordings has shown that the load pattern on the trapezius
for this group of workers is similar to that of the sewers, except that the level of
static load is higher. The median static load is likely to be between 8 and 10% MVC.

Thus, these three groups of workers represent work situations with distinctly different
work loads on the shoulder muscles. In particular, there is little overlap in load on
the trapezius between the groups even when taking the variation within each group into
account.

Development of illnessea in the shoulder and neck

To assess the effect of muscle load on the trapezius, used as an indicator of load on
the shoulder, the load has to be correlated with musculo-skeletal complaints developing
in the same body region. Also, it is necessary to take into account the varying time of
employment of the different workers. This because time of employment in the work
situation of interest is also time of exposure to the work load, and increasing length
of exposure to load is likely to increase the chance of contracting a load-related
illness.
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Fig. 3
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Fig. 4 shows the fraction of workers with sick leave due to musculo-skeletal illnesses
in the shoulder or neck as a function of time of employment for the 3 experimental
groups with a relatively stable load throughout.the working day (the service workers on
the oil platforms, the sewers and the workers doing electromechanical assembly work).
In addition, similar data for a control group with -varied office work is shown, except
that the data available for this group do not allow any differentiation of musculo-
skeletal sick leaves into different body locations. All musculo-skeletal illnesses
including low back and lower arm injuries are therefore included in the data for the
control group. Each of the points for the experimental groups in Fig. 4 is based on at
least 20 persons, varying from 22 to 160. The control group is much smaller, and the
data for this group is based on groups of 9 to 19 persons.

Fig. 4
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For each of the experimental groups there is a clear tendency for an increasing fraction
of workers to develop musculo-skeletal illnesses located to the shoulder and neck within
a few years after employment. This is in marked contrast to the control group where only
one of 35 females record such illnesses the first 5 years of work, and only 3 of 21 with
5 to 10 years job experience. The difference is statistically significant, even with

the small number of people in the control group and despite the inclusion of all musculo-
skeletal illnesses, regardless of body location, in the control group.

When comparing the experimental groups, the fraction of workers with a musculo-skeletal
sick leave due to an injury in the shoulder and neck increases from 4 to 25% the first
3 years of employment for female workers with the most dynamic load, from 13 to 36%

for the female workers with the moderate static load, and from 18 to 55% for the female
workers with a high static load. These results indicate a continuous, graded risk of
developing musculo-skeletal illnesses with an increasing level of static load on these
muscles. The differentiation between the three groups are less clear for workers
employed more than three years. For two of the groups there is a reduction in the
fraction of workers with recorded musculo-skeletal illnesses in the shoulders and neck
among workers with the longest time of employment. This may in part be due to a
selection process where workers who suffer long periods of pain at work try to find
alternative employment, leaving those who are able to meet the physiological demands of
the work situation without too much discomfort. The two groups of workers where this
effect is most noticeable also showed the highest over-all incidence of musculo-skeletal
illnesses. (The service workers had a very high rate of injuries in the low back and
the lower arms in addition to shoulder and neck.)

Fig. 5
TIME TO 1ST M-SK. SICK LEAVE VS. AGE Time from start of employment to
first musculo-skeletal sick leave as
a function of age for workers doing
electromechanical assembly work. Each
worker with a recorded musculo-
skeletal sick leave is represented
with a circle in the plot, open
circle if employed full time or
filled circle if employed part
time. The occurrence of subsequent
musculo-skelétal sick leaves, if
any, is not shown.

TIME TO 1ST M-SK. SICK LEAVE (YEARS)

Fig. 4 does not contain specific information regarding time of occurrence of the
musculo-skeletal sick leaves, this (or these) may occur at any time during the time of
employment for each individual. Fig. 5 shows time of occurrence after employment of the
first musculo-skeletal sick leave for each individual with such sick leaves, as a
function of age. These data aré from :the female workers doing electromechanical assembly
work with a high static load. It is evident that it takes very little time from start

of work until the first musculo-skeletal sick leave occurs, commonly 3 to 9 months for
full time workers and a few months longer for part time workers. Young females appear to
be particularly at risk, and there are indications of older people being able to sustain
the load for somewhat longer time periods.

Even though these sick leaves occur soon after employment, they are far from trivial
incidents. The duration of musculo-skeletal sick leaves among the same group of workers
is shown in Fig. 6 for full time and part time workers. Median duration is about 5 weeks,
and the duration is usually at least 3 weeks. Some may last for half a year or longer,
and cases receiving permanent disability allowances are known to occur even among very
young people. The figure also shows that the complaint in most cases was located to the
shoulder and neck, but also with a significant number of sick leaves due to low back
disorders.

Figs 5 and 6 present data from one of the projects, but near identical results

regarding the timing and duration of musculo-skeletal sick leaves are also found for

the other groups of workers, despite the considerable variation in load on the trapezius
muscle between the different groups. Thus, it appears to be a general result that the
first period of work is particularly dangerous with regard to the development of
musculo-skeletal injuries, if the work duties demand a sustained muscle load. A
reduction in total hours of work and an age of 30 or older when starting work appears




7-6

FULL TIME
Fig. 6

8

Duration of musculo-skeletal sick
r leaves for workers employed full time
(top) and part time (bottom).
Horizontal hatching indicates sick
leaves located to high back, shoulder
and neck, diagonal hatching low back
complaints.

10

i
g
%; s
&
g

T
DAYsS

PART TIME

NO. OF SICK LEAVES

<10 - 3 61-91- 15>
5060 B0 2p 20

DAYS

to delay the onset of such illnesses. The latter effect could be explained by a certain
amount of muscle training among the older workers, possibly provided by previous, similar
job.

Muscle load due to stress

The above projects are all based on groups of workers with a work situation which
specifies a continuous muscle load due to the need to adapt a specific posture.

Postural load of muscle is most readily understood and is also the easiest way of
ensuring a relatively invariant load among subjects in similar work situations. However,
muscle may be activated by other mechanisms, and muscle tension is a well-known

reaction to stress. Recent experiments in our laboratory illustrate this point. Fig. 7
shows simultaneous recordings from four separate muscles in both shoulders (trapezius),
high back (rhomboid) and the lumbar region of the back, from one subject who had to
perform a complex VDU-based choice-reaction time test followed by a dynamic heterophoria
eye measurement. The tests were performed with a well-balanced, sitting posture which
should minimize postural strain. The first test demanded a high level of reasoning, while
the other would strain the external eye muscles. The figure presents EMG data in a
similar way to Figs. 1 and 2, and it is evident that the person developed a static
muscle tension of about 2% of maximal voluntary force both in upper right trapezius and
right rhomboid. There is a similar pattern of tension in the other two musc.2s, with a
higher load in the low back muscles and less in the upper left trapezius. The static
tension disappears during a pause betwen the two tests, and there are also short periods
of a few seconds with reduced tension during the test. The similar pattern of tension in
all four muscles is a striking feature of this experiment, and makes it unlikely that
variation in load is due to specific body movements. Nor were such movements evident
when the subject was observed during the experiment. It may therefore tentatively be
assumed that the recorded tension represents an unconscious muscle reaction to a task
requiring a high level of concentration, but with no need for body movements. The level
of muscle tension for this individual must be considered potentially harmful if tension
is maintained for long periods of time, judged by the previous results.

Similar experiments on other subjects gave qualitatively similar results, but with
considerable variation in the absolute level, as well as in the temporal pattern of
muscle tension. In contrast to this interpersonal variation there were a strong tendency
for the same person to develop similar temporal patterns of tension in different muscles.
These preliminary findings are now being explored in new, more controlled experiments.
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BIR -test break vision-test
Fig. 7

Simultaneous recordings of muscle
load in 4 muscles when performing a
VDU~-based choice-reaction time test
{BIR-test) followed, after a break,
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& Tmin ment. Each point in the four graphs
represent mean muscle load in 0.5
seccnd intervals, as a percentage of
maximal voluntary force.
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DISCUSSION

A major point emerging from the results is that even a low-level, intermittent load can
provide a risk for developing musculo-skeletal illnesses if the load has to be maintained
for long enough time. Also, the indication of a graded risk in developing musculo-
skeletal illness with increasing level of static muscle load and increasing time of
exposure to the load is interesting. In one of the projects 50% of the workers exposed

to high static load and with more than two years employment recorded one or several sick
leaves due to musculo-skeletal injuries located to the shoulder and neck. In contrast,
few sick leaves of this kind were recorded among the control group with varied office
work.

These results are based on measurements of load on the trapezius, and the tolerance for
prolonged loads may vary between different muscle groups. In particular, muscles
developed to counteract gravity forces have a different muscle fibre composition and
therefore higher resistance to prolonged lcad. Nevertheless, results based on the
trapezius muscle may serve as an indication of tolerance to load for muscles in general,
until more specific evidence regarding such effects on other muscies and other body
structures is available. It is also appropriate to point out that there is at present
little knowledge regarding the effect of muscle training in reducing the risk of
contracting a musculo-skeletal illness. Nor is the effectiveness of various kinds of
muscle training known. Muscle load during work as illustrated in Figs. 1 and 2 is
primarily due to constrained working postures or a demand for continuous movement

of limbs. It is less evident that muscle load also may be generated by a demand for
concentration or by a state of general tension as indicated in Fig. 7. The subjects
participating in these experiments usually found the tests extremely tiring, and it is
an impression that the level of discomfort is highest among those generating a high
level of muscle tension during the test. However, it is premature to relate discomfort
exclusively to the level of static load since many other physiological and hormonal
reactions may take place simultaneously.

A potential source of muscle activation which to our knowledge is not yet tested in
occupational experiments, is vibration. Vibration would be expected to activate
sensory organs in the muscles. These would then provide a facillatory input to the
motoneurones in the spinal cord, and thereby cause muscle contraction. Whether this
introduces a significant increase in the level of muscle tension beyond that due to
other activation mechanisms remains to be demonstrated.
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Finally, it is appropriate to point out that aircraft pilots and crew are potentially
exposed to all the activation mechanisms for muscle tension mentioned in this paper:
constrained posture, continuous movement of limbs, demand for a high level of concen-
tration,exposed to vibration and possibly a high level of general tension. Thus, such
personnel (or subgroups of such personnel) may develop very high levels of muscle
tension, contributing to considerable feelings of discomfort during active service.
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DISCUSSION

BOWDEN, CA: Do you know of any group of workers exposed to constrained postures in which the low
back rather than the upper back is the principal source of pain or the principal area in which pain is
felt?

WESTGAARD, NO: I think it's true that, in general, the upper muscles would be the group of
muscles most at risk. Having said that, we have seen groups of workers forced to adopt a forward-
bending posture without having any real 1lifting task to perform. In this group, there was a pre-
dominance of pain reported in the lumbar region. So, it does occur; and, in fact, wh ver it
possible to identify the part of the body being strained, then the pain appears to be in that parti-
cular part. We have also found groups reporting pain in the lower arms when they have had to perform
repetitive motions,

BOWDEN, CA: I will comment that such a group, if it was not a group of drivers or pilots, would
be of great interest because this group would not be expo-ed to vibration and yet be exposed to the
postural constraints similar to those of drivers. What group is this?

WESTGAARD, NO: It is a group which we are working with, and@ of which data are not yet published.

TROUP, UK: We have heard today, and there may be more papers to come, of retrospective epidemio-
logical surveys. Now these are useful in jidentifying one or two key areas, but if you are going to
learn anything, you have to set up a prospective epidemiological study. 1 regard an epidemiological
study as, perhaps, simply validating the need for doing the job properly. Then you must set up a pilot
trial; make sure that your methods are satisfactory; and that any measurements you make are re-
peatable. Then you go on and d0 the prospective epidemioclogical study, with all the variables that you
think are required and which you can afford to include. 1It's not simple. If T could just add, I'm not
at all happy, for example, that Dr. Bowden suggested that some of the population, subject to postural
stress without vibration, could be used as control subjects for vibration. To me, this is simply not
done. You have to have a true control. You may have to use the factorial method of analysis, but the
control populations have to be doing comparable physical exertions; they have to be struggling with
comparable controls, comparable external forces, and so forth. I think we have to be very careful
about what we mean by an epidemiological control, because the rules of epidemiology are very strict.




8-1

ANALYSE BIBLIOGRAPHIQUE
DES CARACTERISTIQUES BIOMECANIQUES
DE LA COLONNE VERTEBRALE

P. QUANDIEU

Médecin en Chef - Docteur Es Sciences
Mattre de Recherches du Service de Senté des Armées

CENTRE D'ETUDES ET DE RECHERCHES DE MEDECINE AEROSPATIALES
S, bis avenue de la Porte de Stvres, 75996 PARIS Armées (FRANCE)

RESUME :

Pour améliorer les moddles dynamiques de la colonne vertébrale, il est non seulement
indispensable d'appliquer aux différents coefficients,de raideur, d'amortissement, et
de masse les valeurs les plus exactes possibles, mais il est égslement indispensable de
connaltre le comportement mécanique des différents matéraux (ici biologiques)
congtitutifs de la structure.

Aprés un rappel schématique de 1'anatomie de l'unité vertébrale, 1'auteur fait
1'analyse bibliographique des caractéristiques mécaniques, du disque, des ligaments et
des corps vertébraux. C'est ainsi que sont rapportées les valeurs, maintenant communé-
ment admises, de fluage, de relaxation, de pression intranucléaire , obtenues lors
d'essais conduits en flexion, extension, inflexion latérale, torsion et cisaillement du
disque. Les études intéressant la valeur de ces paramdtres pour les ligaments sont
également faites. L'auteur énonce les données obtenues sur la propegation des ondes
vibratoires dans la colonne et donne un exemple d'étude cinématique.

INTRODUCTION

La biomécanique vertébrale est de plus en plus étudiée & 1'aide de modéles en raison
du développement de l'informatique qui rend possible l'utilisation des techniques
d'analyse numérique de plus en plus puissantes. Quels que soient leurs modes de présen -
tation la structure de ces mod2les est univoque,bftis qu'ils sont & 1'aide de 1l'outil
mathématique. C'est ainsi qu'il s'agit le plus souvent de chercher la solution d'un
systdme d'équations différentielles, linéaires ou non, & coefficients constants ou non,
définies dans un domaine connu. Mais la théorie physique des modtles est souvent
pervertie quand elle est appliquée aux sciences biologiques. La division du domaine de
définition en deux plages distinctes - correspondant & des niveaux d'excitation d'abord
humainement admissibles, puis inadmissibles - détermine en pratique de biomécanique "in
vivo" deux types de modéles ; le moddle de comportement et le moddle de prédiction. Le
modéle de comportement défini le plus exactement possible, la dynamique vertébrale
quand la structure est soumise & des amplitudes de déplacement ou de force supportables
par un sujet. Les résultats des calculs sont confrontés aux données expérimentales. Le
modéle de comportement qui n'a pas d'intérégt au plan de la connesissance possdde, par
contre, une valeur gspéculative. Précis dans un certain domsine on infére qu'il le sera
également dans la plage supérieure d'excitation, celle ou 1l'expérimentateur n'a pas
accés cer l'application d'une force ou d'un déplacement de grande amplitude ne manque-
raient pas de provoquer des lésions graves de la colonne vertébrale du sujet qui y
serait soumis. Conceptuellement, de comportemental le modéle est devenu prédictif. Son
intérét est double pour le biomécanicien, puisqu'il se conduit -hypothétiquement- comme
un modéle de connaissance et qu'en retour il permet, par exemple, de spéculer sur l'ef -
ficacité de tel ou tel type de protection. L'expérimentateur devient expérimentaliste.

Il est donc clair qu'un moddle prédictif est - ou risque d'é&tre - d'autant plus utile
que le modéle de comportement est exact. Les résultats délivrés par ce dernier sont
d'autant plus proches de la réalité que les valeurs des coefficients des paramdtres
dont il étudie les variations sont précises.

Ce sont les valeurs de ces différents coefficients qui sont rapportés dans une
analyse bibliographique concernant les éléments d'une unité vertébrale ; les corps
vertébraux, les disques, les ligaments. Dans une premidre partie l'analyse fait le
point sur les valeurs de fluage, de relaxation, de pression, etc... pour des études
conduites en flexion extension, inflexion latérale, torsion et cisaillement. Dans un
second paragraphe l'analyse rapporte trads bridvement les données actuellement
collectées concernant la propagation des ondes vibratoires dans la colonne. Un
troisidme chapitre énonce une méthode d'étude de la cinématique des unités vertébrales.

Auparavent, rappellons trés schématiquement 1'anatomie d'une unité vertébrale.

2) RAPPELS D'ANATOMIE DE LA COLONNE VERTEBRALE

La colonne vertébrale des mammifdres est un ensemble ostéoligementeire doué de
mobilité. Dans l'embranchement des céphalocordés elle n'est représentée que par une
corde, formation d'origine endodermique qui s'isole précocement de la région de
1'hypobleste. C'est une baguette allongée, de consistance certilagineuse qui s'étend
d'une extrémité & 1'sutre du corps. Dans leurs déplacements, les céphalocordés se
meuvent pasr ondulation latérale et 1'élesticité passive de la corde est antagoniste des
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flexions provoquées par les muscles - DRACH 1948 (9).

La corde se retrouve dans tous les stedes embryonnaires des vertébrés avec les carac-
tdres qu'elle présente chez les céphalocordés, BRIEN, DALCQ 1954 (4). Avec la
formation d'un squelette axial, la corde dégéndre plus ou moins et peut méme
disparaltre. Si c'est le cas chez les oiseaux, chez les mammiféres elle se conaerve
sous forme d'un reliquat embryonneire au niveau des disques intervertébraux ou elle
édifie le nucléus pulposus. DEVILLERS 1954 (6). Chez quelques reptiles, se différencie,
a l'intérieur de la corde, du cartilage, qui s'ajoute au corps vertébral.

La colonne vertébrale proprement dite est réalisée par l'empilement des vertébres.
Elle présente quatre courbures antéro-postérieures chez 1'homme :

- cervicale : convexe en avant,

- dorsale : convexe en arridre,

- lombaire : convexe en avant,

- sacrée : convexe en arridre.

Il existe sept vertébres cervicales,
douze dorsales, cing lombasires, cing
sacrées (soudées), une ou deux coxy-
giennes.

2.1 - OSTEOLOGIE

Toutes les vertdbres, quelle que soit
le région & laquelle elles appartiennent
sont morphologiquement équivalentes et
constituées sur un méme type. TESTUT,
LATARJET 1928 (47), TESTUT L., JACOB O.,
1929 (48). Schématiquement (figure 1),
chacune d'elle présente :

~ un corps situé en avant : il s'agit
d'une masse osseuse hétérog2ne, cons-
tituée d'os spongieux enfermé dans une
coque d'os compact,

~ un trou vertébral situé en arridre
du corps,

~ une apophyse épineuse,

~ deux massifs osseux latéraux cons-~
titués de trois apophyses : deux articu-
laires (inférieure et supérieure), une
transverse, les pédicules et les lames
unissent les massifs osseux latéraux
respectivement au corps en avant et & SCHEMA D'UN SEGMENT VERTEBRAL.
l'épineuse en arriére. Figure 1

2.2 - ARTICULATIONS VERTEBRALES

Les vertdébres sont reliédes entre elles par des articulations au niveau des corps et
des apophyses articulaires.

Un disque intervertébral réuni les vertébres deux & deux.

Sa hauteur chez 1'homme varie de 3 mm dans la région cervicale & 9 mm dans la région
lombaire. Le disque est constitué d'un anneau fibreux périphérique et d'une substance
gélatineuse centrale, reliquat de la corde embryonnaire. Les disques intervertébraux
sont trés résistants et dans les mouvements exagérés de la colonne vertébrale ils ont
plus tendance & arracher les surfaces osaseuses sur lesquelles ils s'ins2rent plutdt que
de se rompre. Alors que les disques intervertébraux réalisent une synarthrodie, les
articulations des apophyses articulaires sont de type classique avec capsule et
synoviale (diarthronse).

Les vertdbres sont en outre réunies & distance par des ligaments au niveau des bords
des apophyses transverses et épineuses. Seuls les pédicules ne sont pas reliés entre
eux. L'espace leissé vacant réalise le trou de conjugaison, voie de passage des nerfs
rachidiens.

2.3 - FORMATIONS LIGAMENTAIRES

Ligaments communs
Ce sont des ligaments qui unissent toutes les vertdbres sur le totalité de
1'axe osseux. Ils peuvent cependant prendre une importance plus ou moins grande selon
leur localisation.
- Le ligement vertébral commun antérieur est situé sur le face antérieure de la
ctolonne.
- Le ligament vertébral commun postérieur est en plein canal rachidien., Il est placé
immédiatement devant la moelle épinjdre.
- Le ligament surépineux : situé en arridre, il unit les extrémités des apophyses
épineuses. Il trouve son plus grend développement au niveau cervical.

Ligaments intervertébraux

Les spophyses transverses sont réunies & leur homologues supérieures et
inférieures par les ligaments intertransversaires. Le ligament interépineux réunit les
spophyses du m&me nom. Les lames vertébrales sont réunies entre elles par "le ligament
jaune". Large, épais, il compldte en arridre la fermeture du canal rachidien en
comblant 1'hiatus qui aépare les lames vertébrales entre elles.

Agggll.h SIS S NI TaE——.




2.4 - LES MUSCLES PARAVERTEBRAUX

Sur la colonne osseuse s'insé-
rent les muscles paravertébraux.
Leur contraction constante permet
a l*'&tre humein et plus généra-
lement aux primates de conserver
une position verticale. La stabi-
lité intrinséque de la colonne
vertébrale est apportée par les
disques intervertébraux et les
ligaments. La stabilité extrin-
séque par les muscles - MORRIS
1973 ( 24). La disparition du
fonctionnement normal des
haubans musculaires telle
qu’elle est réalisée dans la
myopathie de DUCHENNE montre
assez combien la stabilité
propre de l'ensemble ostéo-
ligamentaire est insuffisante
4 la conservation de la verti-
calité WILKINS, GIBSON 1976 (51 ).

Le schéma représenté sur la fi-
gure 3 indique la position et les
rapports des muscles qui sont
décrits ici, dans la région lombaire.

D'un point de vue purement des-
criptif et non fonctionnel, la ré-
gion lombaire est délimitée par un
quadrilatére réalisé :

- en haut : par la base du grill
costal,

- en bas : par une ligne passant
par les crétes iliaques et le bord
supérieur de la premidre vertdbre
sacrée,

- latéralement : par une ligne qui
répond au bord externe des muscles
spinaux.

—
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